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^ ^ PREFACE 

* ' ' • / >\ • • 

fin Arabian sultan becajne thoroughly disgusted nitlv^s two sons; 

» ' ' ' • 

neither seemed fit to inherit his po\%-er and wealth, as they ssere intet- 
e^ted only in girls and fast horses, ivhen he died, his will ordered that 
each son should select his fastest Jidrse and race to Mecca. The 'sfin . 
vhose horse reached >fecca last wjpuld inherit everything. ^ - _ ^ • 

* The tVN-o young men selatlled "their horses and ?t^rted out. ■ After a • 
Iweek thtey were still only aVfele from hems, as each dawdled in every po$- 
. sible way. ^. it was clestt to both that. they wt)uld spend the rest of their 
lives on the trip, and no one would enjoy the* riches. - - * * y 

' In desperation, thpy consulted a wise man, who list^ied to their . ^ ' | 

story and thought briefly. He -then said to them that he wuld solve their 
problem if they did exactly a$ he ordered. IVhen they agj^ed, he spoke 
briefly to them, whereupon they each dashed from the rodn, jmgsed on the 
horses, and galloped full speed toward ^fecca. 

What had he told 'them? The idse man had studied the problem an/'" 
realized that the trouble arose because the. wirajer wa^ the horse ta take 
the maximum time to >Jecca. To convert this to a mj^iinum prdblem, he or- _ 

• dered^ch young man to ride his brother's horse. Now tffe goal of,6ach 
rideri^ould be~to reach >fecca as soon as possible^ . ;^ 

'This story, w^iich really has nothing wha^oever to dd with technoldgy', 
illustrates one of the basic objectives of this book.. In the follo\d^g 
chapters, we \nll consider a sequence of socio^technological problems (health 
service^, auto accidents. ^ pollution, energy shortage, and so oif). In each 
of these problem areas, the United States (and indeed much of the world) seenis 
to be in a nearly hopeless situation. It is not clear hdw govemnjental or 
social action can improVe the situation. • ' 

In th^ energy crisis, for example, building more electricity' energy . 
generating stations' will increase air and othdr pollution,^ further d^^te 
already scarce natural resources, and introduce safety problems. The only ^ 

' two altematwes seem to be more costly sources or decreasing per capita 
use. In the fomfer approach, any 'rise in the cost of electricity in our 
cities drives more manufacturing inSustry to rural areas (and tSie welfare 
problem worsens) or weakefis the inteVnational. trade position of thi^ country. 

'•If we try to decrease usage, the only eff^^ive means seem to .involve govem- 

0 meixtal restrictions on personal freedom. 
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" . AS tfip country selects a^ng'the altemktives .Mch oP«v " • 
Jntelligent decisions depend upon public technological literacy. .The deci- 
Jers a»d- the public-.^ust be able to look at the problem ««lerst»d 
the^factual ;.re, of- taowledge^^bout. this 'area, and appre^e t^ - , 

canS of the various alternatives . mie many people agreedwith ^ _1971 
ra^sion in Congress on tj« SST (the supersonic passenger ^^"-^['J^^ ' 
cc^d agree 'with the hysteria and -isinfo^ation v*ich be^douded «hat should, 
have bedn an irifoimed public debate, o 

• Thus, the first objective of this book is to attenpt to look at' a 
sampling of i^ortant. ?ocio-techndlVgical problem in a calp " 
• t! consTder first whether there actj^lly is a |roble« and. xf ^. how ^ 

2"it is;, next- to detexmne -.^.y the-proble« has arisen; and finally, to see . 
«hat alternatives are available to us as a, nation., ' > _ 

. ^ broad- goal of sud^-i^ational consideration is to seek an alten^ve 
(a pC of action) ,*ich befits all interested parties^ In ^° -"^ "J^*? 
lironn^ntal and socia^ issues of the J>ast.few. years. p^2^l^ 
viewed si^plistically as just a- conflict^between. industry and h»an values 
^t^een Z govem^t and the people, or bet,.en ^^^'^^-^^^^ > 

in c^es. such a he,d-on collision »«rges -^^^^^^^^ 
prx^Mem is si^lified so >«ch thit essential ef^ts are c«atted entirely . 

^ "tS;'riassic story illustrates the riaculous position that- can . 
arise Z seiingly con^etitiva forces 'refuse to cooperate.- 
vendors «heel their c^rts to a ndle-long beach each ™_g. The^e isj> 
r^as^on for the public to prefer one ever the oth.r. so the --.r g^s J 
whichever one- is dose.. Where should the .one «ho arrxves foxst set up hxs 
stahd' Hoiv about the tne v4io arrives later? , ' .i 

iSTe first one should/c^te in the .iddle of the beach, the seconA_ 

• i^<Iiatdy beside hi.! l4. each day the t,. are f^^^^T^^^Z ^11 
Nhe'center of the beach. If .either one locates anywhere else, the other wxll 
■ 3emore than half of thfe customers. ' ^ ■ ■ 

■ -Clearly this is -a ridiculous «ay to act. .ffiey each ™uld dp better 
• the^ubUc vould be better served), if they cooperated and each looted 

: ' "llKro™ ^ end of the beach. Then th. t.. vendors «ould,be e half-mile 

• but no Stentik custcn^r .-ould be ™re than a quarter mile from a 
vidor. And each rauld service half, the beach. 



■•rhis>oluti<m, so logical to an outsider, reqi^ir^es that the two 
,„_Drs/K>perate.- They nust -discuss their problem of where to loc^te^ 
reachltotional- and thoughtful- decision, and finally both abide by that 
^siX^In the saine way. the conflicting forces in the najch ©ore c<^- 
plex.. socio- technological problems mist, for the public good, coi^romise 
on the best .possible .policy even if ik does not correspond to the maxiMm 
potential profit for the c^pany or the absolutely miniirajm damage to a part 
of the environment. Traffic fatalities Jould be stopped abruptly by for- 
bidding my vehicles, but the social andUcofianic i^heaval would be. cata- 
strc^fifc; on the other hand, 'the failure \» require safety neasures 'which 
could jNp thousands of lives represdits an equally indefensible approach. ' 
\— J^Xs problems beccmie upre coiii)lex as they impact' more strongly on 
'the quality of human life, the public and the .decision-ma^cers mst approach 
these problems vith a greater depth of understanding. .^This is .the badc- 
grounii motivalionlfor this book, i^iiich^is^baSed. courses given by the 
authors' to general undefgradu^tes land to adult, continuing education, grad- 
uate students, both at the State University of New York at Stony Brook." 
Thi^ book has evolved from the author*^' vbrk ovet the past sev^ years cm 
the Engineering, Concepts Curriculuni- Project, iMch develof>ed the secondary 
school text Ihe >lan-Made "ifo^ld . The authors express their gratitude to 
their colleague^ on the ECCP activity, and recognize .the support provided 
to EgCP by the National Science Foundation* The developn^t' of the college 
d)urse h|S also been aided by grants, from the U. S.^teel Foundation, IBM, 
Public SerHce Electric and Gas Corp. of Nev^ersey, the TRJV Fomdation^ 
and the Esso Education Foundation; ♦ . 



E. J. Piel 
J. G. Truxal 



Stony Brook, New York . 
January }0, 1973' x 4. 
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4 Since 1971, there have been no experimental seedtngs* eyen thou 

the program, called Project Stormfury, has continued: Why no experiments 
for five years? The Project has been working imdcr the rules that no 



' > ^ • ' ' , >■ \ V ■ ^ , ^ . . 

^ SYSTDIS Axb DECISfONS/ ' ^ , 

,Sei>.tciaber, 1976V A jaaj or hurricane at sea ts heading directly toward 

.-. .;• ■ ■ ■ • ■ ' ■ ' ' • . , ■« ' ' ' ' ( ■ ' ■ ■ •• ■ ' . • . • 

the densely populk;ted^ ^ew Jersey— JJew Vork region. WltH» the stona, vind 

velocities of 100 miles (per hour ha>y!e been meaajited by observation plants. 

Radio artd telavlsion are broadcasting frequent warnings to Srea residents,, 

but there i!| very little they ,can.do. The storm promises to be fully as 

severe as Betsy in 1965 and Camilla in 196^, each of which caused injuries 

and deaths in addition to property daiaage ot ^1.5 b,tllion. The winds were 

the prima'ry cause of destruction, although there was also, some flooding. 

Meanwhile, in i Washington office a man debates 'whether tp try to 

modify the sfeonn^by cl^'ud seeding. Most meteorologists are convinced that 

the maximum wind velocity of .a hu'tricane cai^be reduced at least slightly 

by drojpplng massive a?idunts of ^silver iodl^de crystals la the outer eyewall 

region, '^e obvioup dej^ision. i^ to seed,. 

For several reasons the decision is nob so simple. First, there is 

really very little scientific knowledge- about the probable ef fezts of 

seeding. Only two hurricanes have been seeded in the pas^;, with only one 

of the experiments really useful as a source of knowledge. On August 18 

and 20, 1969, hurricane Debbie was seeded^ with reductions of 31% an"*-^Z 

■{'..., 

In the peak winds after the crystals were dropped. In 1971, Gingfer was J 
seeded,' but in this case the silver iodide was placed in the heavy-rain 
region well outside th^ eyewall;^ the seeding had no significant effect. 



seeding is "allowed if the storn threatens a coastal area or oay hit a 
popiilated at-ea within 18 hour«. • So little is known scientifically about 
the effects of seeding oii hurricanes. Project Stoncfury has been avoiding 
Modification of any storm which might iumediately affect people [in large- 
ntlmbers. Hence, experiments have been restricted to a relatively «nall 
area of the Atlantic Ocean south jof Puerto Rico — : a region close enough 
to scientific 'instruments to *aUow det-alled measureaents oV storm character- 
istics, but far enough* fron populated areas* so that, if the .seeding should 
cause intensification of the storm, there would ba no direct effects. 

The decision of '"our man in Uashington" is further complicated'. The 

* ' ' "■ '. • 

maximum wind velocity is now 100 miles/hour, with the center of the stbm 

100 miles off shore (or 11 hours before it hits tfie 5?ew Jersey-Xcw fork 

coast). Past experience with hurricanes indicates that this peak wind 

will probably increase as . the storm moves across the open water, although 

there might be a decrease. By the 'time it hits land, the maximum wind ^ 

velocity is likely to be 125 miles/hour. If . the hurricane is seeded, the*" 

probable or hoped-for effect will be a maximum w^d velocity of 110 miles/ 

hour at landfall (Fig. 1-1). This reduction of peak wind from 125 to 110' 

(If seeding is completely successful) will result in a-40% decrease in^ 

4 

tlie damage.^ In dollar terms, $400 million will be saved if the damage 
without seeding will be one billion dollars; this is a strictly economic 
accountitig which docs not take into consideration tfee human mi3fort;ane, 

1% The instrumentation ysed in hurricane studies is descriljed in the 
article: James W. Meyer, TToward Hurricane Surveillance and Control, 
Techno 1q>^ Review , OctoberiNovember 1971, pp. 59-66. ^ 

'2. In mathematical terms, the expected damage is proportional to the 
maximu& wi^d velocity taised to the '4.4 power. 
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Fig, 1-1 Possible change in peak wind as 
hurricane appJifoaches land 
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The problem confronting the "man in Washington" is now clear. If \ 

• ^ . / ' ■ ' " 

ha ordars seeding and it is successful, the publi^c will learn that the 

peak winds Increased from 100 to 110 mph after the seeding '<>paration. . 

Since ;here is a small chance the peak wihd might have decreased l?efora 

landfall, the natural public conclusion will be that the seeding intensified 

the wi2ds and increased" thfe damage. If he does nothing (no seeding), the 

' 'storm is likely to hit land with p'eak winds of 125 mph, w£::h catastrophic 
effects.. Yet under th'is l&ttki option, there will .be no strong criticiism of 
the government, since the public can be told ^ith cdns id^r able honesty . , 
that tDO ifttja, is knot^rt scientifically •aboat, hurricane seeding to justify v 
.this action. Finally, the decision "is further complicated by the fact , 
this is an ejection year; thi ajrninistration , which will be held, respdnsible 

" by" the pvjblit for ^seeding results^mufft face the electorates in less than 



This itory^, wl^ich is likely to h^ppen^n the nexc few;years, is a 



tvpicap ^'clo-'technolor.tcal PToblon . Tlie tccbnologtcal -refers to the 
stron$- conl:cnt •ol-ap|kilcd/sci«?aca and en^ the problem' ai;ises 

only tf^cause of ^h^ pVo|oes« which has been nad« during rhe last two 
4ecadesVln weather obseWation and nodiffcatiion. , The social eleirfent enters 
because the* technology has ;su<;h a direct and \| troiig impact on a segment 

• '•' _ ^ . . A ^ ^ '■ '. > .J 

• '• • . ' * ♦ 

of -^ocietyc. / ^ ' • ^ ' \ • ^• 

.; the p^roblem is also typical because M requires a decision wllich 
strongly influenced by technological, economic, political, an^' so|ifl factors. 
• The optimi^ra decision hris to be detcmined froa not only spiehtiflc and ' - 
:e<ioao'mic consideration? but also public at titudias. ^ ' • / 

Tae prbbleiu'ls typical, too,. because a^ decision nust be made. There 
*is no such alteimative as postponerrieri't Until, mora scientific knot^Wge is 
available orHntil a< pubXid education effort can be completed. ] %Q decision 
presents only two options J, S.eey or do not seed. . Ko dacision, is a decision z 
not to seed.- In tlie sa?ie way /alkough- of ten less' dranatlcall/,^^^^^ 
to' allow a new dtug to be sold, a new- nuclear , epergy plant to be built , 
or a new sub^^ay sj^stem to be started is a decision which i? forced on the^ 

goveribent/and ' the> people. ^PoStponcmeit jnerely pieans that th J decision • . 

• ■.. •■• ' ■ . ' X' . • ' ". 

has been ^esattve for- the peribii of delay.. ! • *, / - ^ 

1» Svf?teni Sttidics • > . ■ . . 

■ — ' — ' ' — ' — ■ . . ' : ' ■' ■ . 

■n^rough the fonowirig-xhapters' we consider a SDaU selection of 

\ ■ - ■ ' , ■ 

5ocio-technological issues -simiia-r to ehe hurricane-seeding problem. -The 

' 1. A lengthy mathematical analysis ^^^Whuri-icane-seedlng decision 

problem is l^-raarized inVthe article % .R.A. Howard, J.E. Matheson, and 
'.p.W. KDrj:h, The* D&cisioif'to Seed" Hurricanes , SciQnc&, June 16, 1972, 
"'■pp.. 1191-1202. ., ■ ' ' ' ■ 



"p^imc goal ±s an dndfer^tanding of the baa ic. approach to ^^ch ?pf olf leas 
jS^h eomfea-unda^'bhe' tifc^d o l gyst'em studies .' *, • 

' In a* system study 'of a particular area, we attempt first to' aetermlne 
whethA"^ problem really exists. If.so, what. are the narlgins of the 
. proUlsri? fohy ha^ it risen to pjominenc^ -in- recent years? Vlha^ current 
•factors ar 6. aggravating. the problfem? > ' . 

' *rne inotff ojaantitAtive we can be in answering' these.^questiofts , ttte. ^ , 
'better undors landing -we ':can achieve of*' the natur'e and, -magnitude' of 'the 

♦ . ' ■ • ' fc • * - ' 

" • • . * • •• » . . ■ 

probien. In'the languaga^^ today*s physical dr* social sj^ientist,.w6 . 
seek a m^el of .thW system.' or problem: a statement in quantitative tetias. 



or those aspects of the situation wh^ch are relcyant^ * " . 

Ihis^mftdel is almost .alwaxs dynanlc or changing with time. It is 
%his dynamic character wftlch makes the prob lew ^interesting and challenging. 
The dynamlc model permits a -prediction of the future situation, so that 
action can be taken now to modify that future toward more attractive, 
directions. . , .-. 

The importance of the dynamic model is illustrated by all of the ca^e 
studies throughout t*e Remaining, chapters. . Here, an aWst trivial example 
serves to illustrate this fundamental concept. 

In 1956 a few African bees weje transtforted to^razll to brAd with , 
the -European bees already there. The hope 5^as to develop a more , produc^ve 
strain. A year later, 26 bee swirmsr headed by African queens, were 
accidentally freed and the resifit of . native <^ross -breeding began slowly 
to spread throughout So*ith 'America. Unfortunately the result cf the racial 
■ uLLxture is a variety which unexpectedly becomes /exceedingly aggressive, 
-attacking ani'mais and people (horses seem to be particularly susceptible). 



A 



The danger is that, if this Vaici&cy a:ea9hes' ^he/Uoi ted States, widespread-^ 
^publi-c reaction will result in the ,sharp ffurtailnent of the bee-keeping 
Indus ti 

I- , . : . - ■ » 



try.- The consequences woiU-d be a serious blow to agriculture as well 
ai*horticulture, irhere poilimatign by be^s is -so ikpattaat. . 



( 
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' * Fig. 1-2 Spread of the Krazillan bee 

^Understanding of the pro^blem depends on a dynamic model which shows 
the way the new Brazilian bee is spreading^ (Fig. 1-2) . Tlits model shows, 
the region in which efforts should be focusscd fo stop the spread, with 
the" particular area dependent on the time scale involved in the creation 
of barriers', ^or example, the model shows where inunediate quarantine 
measures' might be' useful. If scie|tific studies reveal that it is possible 
to modify genetically the stra'in_, the model Indicates .where . such efforts 



Rir 
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shouid be ceatered* '^AaotKer alCerridtive is to saturate a barrier area 
virtu a passive race of bees» so thafl^ueens in the area would haVre only , 

. • . ■ ■■ 1 ■ ■• 

a low probability o£ mating with the aggressive , Brazilian males* 
Options and altpmatlvesi ^ ♦ n . ♦ 

Oitee the quantitative model la- obtained' for a particular probl^i,, 
the second step is Lo deteraine the options or alternatives whicrl are \ ' 
fivallable for araeLioration* of the situation. '^Tii tlra hurrlcane-saedtng 
problem, there ate only two options, to seed or not to seed* In the . 
BraziXian-bee problem^ we listed sevaral possibilities for positive pjrogran^ 

* . - ■ • ■ • ' ' i» 

4. • ' 

« 1 

to arrest the spread. , • 

More generally, there tiiay be a very large number of alternatives,, 
each: haviag both advantages -and disadvanta|es. Decisloa-making involves 
detendnation of that single strategy ok the mix of strategics which seems 

* ( ^ ■ 

likely to have the niaxiauni positive valie. Hcre'again, .difficulties arise 
because any strategy ^s likely to have not only quantifiable effects (for- 
example, economic ojs^s and benefits), but also human and social effects 
with vhlch it is very difficult to associate numbers. If a proposed .nuclear 
energy -plant can be located at three different sites, it is ofjten eas^to 
compare -the^three costs of electricity which will result from different ^ 
land, construction, operation, and transmission £osts. It is much more 
difficult to •determine the social and human values of lower-cost electricity 
in terms of such factors as added imlus trial growth and more jobs. It is 



1. A detailed studj;, of this problem is available in the "Final Repott of 
the Committee on the African Honey Bee," June 1972 available from the 
Administrator, Agricultural Research Service, U.S, Department of Agriculture 
Washington, D.C. 20250. 
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' ...equally difficult to .estimatie .thq relative costs of t^ennal pollutioa 

^ ' • ' ■ : ..■ . ' ' " 

/ ' and* radiation or safety ha2arda%. \' 

' Again, the decision nust be made, for n6 dedision is really a decision 

' . . - ■ . . ■ : 

not to build^the plaig: and, h^ncfe, to limit the public use of electrifcal 

- * - ' ' ' 

eneirgy. • . " • . , - 



' In *thls system apprqjaich ^ man and soclet^' arc vi^^red as parts of both 

/■ , ■ ♦ . * ■ • « 

natlire, and the. raan-niada processes and world with which man interacts .\ 

. . *" 

dynamically. The huiacia' control of the developcacet. of technology i;equires 

■ . ' * ,1 • • 

thaJt the models used for decision-making must include the human' and social 
factors ott which tha^ techno logy impacts. And the models must be su^fi6i6ntly 
complete to permit the best possible estimates of the future effects, however 

. • . r 

-indirect, of that technology. 



/ 



2. ■ Fracipitation Qontrol - . ' . 

Project Stormfury, designed to study hurricane seeding, is just a 

Stnaia^rt of the total weather modification effort ^^e United States. 

The program is under a number of different federal agencies and departr- 

ments, as well as state > gpvemments . There are two principal objectives: 

to improve the level of precipitation, -rain or, snow, ii^ selected regions; 

and to decrease the effects of natural disasters. TKis section simmarizes 

." . ♦ • ' 

the first, and the second phase is discussed In Section 3. 

' ■ The^control of rainfall and snowfall is primarily directed toward 



Increasini precipitation ift-'^ regions or whfere water is scarce, althcfugh' 



there has been some experimentation designed to reduce snowfall in areas 
where transportation is difficult or snow r^inoval costs heavy. 



1(> 
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History ' \ . 

— " '.' . - ''^ • . . «. 

Average annual rainfall Varies froa ze?r9^ bv^ some pf the driest 

desert^ to A60 inches 4t one site in Haw^i:i, vith the usual between 20 

r f * " / 
and eO inches. From the earliest tioesi man has tried ^to increase rain- ^ 

fall in times of drought, By theffirst part of the iSOO'a man ' recognized ' 
that tl\e cioudff' should he p^turbed, and cannonbafls were shot Into the « 
air to shc^e the moisture loose. * • ^- ' 

• The first feder.al program was in 1891, when dynamite was lofted. Co 
'the clQuds in halloons . " -Th^s^ uHsucca^sful attempts were .folk)wed hy 
experiments jsixing .various qhepicals with- smoke. 

On November 13, 1946 the General Electric Company scientists, Itving 
•Lang-uir and Vincent J. Schaefer, seeded clouds Over Mt. Gr^ylock, ^lass- 
achuseets with dry ice^ crystals. Minutes late^-, snow fell^n' the first 
sii.cee8sful*expe\lment. Subsequently, Bernard Vonnegut (now of the State 
Univ<r6'Uy of New York)' discovered that silver iodide crystals were 
effective, and the foundation was laid for the hundreds /Jf" projects now 
ytiarrled out annually in the United States.-^ _ ' ' ** ' . 

' ^ The effectiveness of cloud seeding to increase precipitation ^aa 

* 

only been deraonstr^J^ In the past few years, as the scientific explana- 
tion off rain has evolved. • In the early days, seeding had uncertain results 

' with rainfall perhaps decreasing as often as, it increased. Recent studies 
-have' led to complicated computer models derived from extensive peasureracnts 
of the physical characteristics of ^ouds: the tei^perature distx^bution, 
the density of water vapor, wind velocities, pressure, and so forth. From 
these models, ptcdictions on the effect of seeding can now be jftade with 

. -considerable confidence. 



I _ , Fon^Kampie, mfeteorological' studies showed that the tempera^^ire in 

; • ' . tiie upper part df 'tl^ cumxilus cloud is ^critical. If this temperature is 

above -20^F^ silver iodide crystals serve as particles around -^ich water 

, vapor can condense to form ice crystals which grow and fall* If the ' 

' - *• • ■ ' ' 1 ' 

- • temperature is below --24 the silver iodide tex^d^ to prevent ice* forma- . 

' • J 

tlon, and precipitation Is reduced; This is' a vas-tly avers imglifie^d. 
' explanation, but it lllastrates the type of scientt^^c knowledge which 

has led to today *s successful rainmaking. I ' • \ ^ 

' \ ■ • . ' * ' ^ ' • 

> Current activities - , . . 

Twojprogrcuns have received widespread publicity. The first is^^rpject 

Skywater, in which seeding of the clouds above the San Juan Moim^ainS of 

Colorado is proposed to increase the snowfall. The potentiay*rosalt^i^ . 

16% increase in the spring rui^f'f water feeding the Colors^ River, which 

ultimately provides water to Nevada, Arizona, «nd sou th^n California 

(some 60% of the water for the Los Angeles arel, foj: ^stance) . Small- 

scale experiments have indicated tha;; an cxpertdltur^ of $5 million for 

* [ / 

instrumentation, seeding, arid monitoring couit^y^ld additional x^ater 
valued at more than $100 million. 

The second large-scale project recently >^/as^n 1971 ih Florida, when 

the state and the National Oceanic ind Atmospheric Administration (NOAA) 

, J / - 

joined forces to seed promising rain cloii^s ^very other day for txra months.. 
The drought was broken, with 180,629 aci4 feet of rain drenching an atea 
of 3000 sqi*are miles; nearly 2/3 of thfe cainfall was credited to the needing,* 
Just in ter^ of the value of the watfer,^ the $165,000 cxperipent gave a 

/ . * * * 

benefit of $5million. In addition/ fires' in the Everglades were put out, 
with an unmeasured saving in natury^l resources., 

1 f * 
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/■ Qth^r activities include d large "itate-operated seeding program in 
c^atral Okl^wf^ and expecis^ts- la, the eastern Gyeat Lakes <r eg ion to^ 
reduce the stiowfall^ ' * 

,■ * ■ ' 

The recent success of precipitation-control cxperii^enl^ raises a 

liost of questions in public- pol fey which wiU increasingly appear in 

. public 'discussions ih the .ne;ct few years. There is by no'oeaas geij^eral 

popular support for suph weather modification* While the increased raln- 

f |lL1 may be generally welcome in the region where the seeding is done » 

there are often strong objections: * 

s 

(1) Public opinion studies have been made which sho^ strong opposition, 
often from groups Vith deep religious convictions or individuals poorly 
educated. People iiv:?iie northeast seem particularly opposed. 

(2) Environne-ntallits are seriously concerned that, increased praclglta- 
tlon may aiV^ the balance among plants a*nd animal species. Certain weeds, 
pests,' and diseases may flourish-. In a Bureau of Reclamation project in 
Montana, complaints arofee that the increased snowfall interfered with 
normal ikigration of the elk. ^ 

t < 

(3) At least a minority of the population in a regl-op are always 

■ 0 ^ 

adversely affected. For example, in the Colorado snow augmentation 

program's, how can the increased value of the Colorado Ritrer water be used, » 
at least In part, to compensate the Colorado residents for the difficulties 
and' expenses , associated with 25% more snow each winter? 

(4) With the prevailing weather motion west to east in th^ United 

• .\' ' ' ' . ' « ' 

'States, the question arises: what happens to precipitation eastward of 

tl^\seeding area? The argument is usually made that less, than 10% of the 



vater ia tKe air falls tia tor ally; consequently, a slight Increase in pile 
areAXrill not seriously affect precipitation to the east ^ '?he very , ,ry 
incomple te. ua4ers tanding of weather dynaaics, howfever, really leaves l^JA ^ 
qjpstion unanswered,. / — •- ' 

• . As an extteme example <^f tjii^ problem, rainfall in the middle .Atlantic 
states in 1972 far»exceeded the record , for oyer a century of weather , , N 




jlV- . .1. 



bifceau data. '^e totfl of 67, Q:^ inch'es in New* York City w'as <i5% ^ver the 
previous record (58.32 inthes) and 60% abovqr norroal. * The * 72 .figure so 
'surpasses the record, one can pot help biit wonder whether there was a cause* 
During t|ig last year or two, cloud seeding in the, midwest has grown fvcm 
almost zero to a major activity. Is^it possible that, as a result of the 
seeding, instabilities are created in the atmosphere vhiqh increase rain- 
'fall a thousand miles eastward, perhaps because more moisture is d^^wii 4^ 

* ' . " ■ i > . • 

northward froa the Gulf of Mfexico ot because the dynamics of ^r motion 
^^ad to a slow build-up in moisture after the seeaing-induccd rain? Sych • 
explanations *are only uneducated conjecture, but they do illustrate the 

i ■ ■ i 

great coaplexity inherent in evaluation of the weather modification program. 
Inadvertent modification 

— — I — — ^ I 

As scientists and engineers learn more about weather modification, 

the question arises whether the increases in air pollution, particularly 

near tke cities, are sufficient ^o cause significant 'changes in the 

weather in that region. ^Studies of this* possibility in such ^^ations as 

St. Louis and the northeast are, still at a-very elementary stage. 

Disconcerting data do come from research on La Porte, Indiana, \here 

the steel mills emit large quantities of particulate matter. Comparison 

'with neighboring areas seems to' indicate a 30-40% increase in rainfall 



-over the pest three depadeSy and a similar growth ia the nusibei^of 



thunders Conns .' la Che northeasC, sane ehvironmentalijCs have sugge^sCcd 
.that lead particles 'froia'auto exhaust may be increasing pre<^pti^ation 
(Table iV. ' r * . 



Cloud cover 

Winter fog ' 
* - • • 

.Suromer fog 

t - • 

^ Total precipitation 
Relative huJaidlty 

. f 

Average tenperafcure 
*^ Average wind y^ a a d 



5-lOZ taore 
loot more 
30% more 

^-10% more 
2>-8^ less . 

O.S-l^'c more 
20y1J^ less 
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Table 1 Effects of converting a rural area to .urban use 

(froa U.E. Landsberg, Climates and Urban Planning, 
in '^rban Climate," The World Mateorological Organ-? 
ization, Geneva, Switzerland,. 1970 , 

Answers to such c^Jiestions are evasive not only becaus^^f the lack 
of a detailed' understanding of weather, but also because the large 

* 

raaxJhm variations tend ,to conceal the small' changes representing a steady 
tremf. Concern over the far-reaching significance of inadvertent weather 
modXflcatiaa is leading to much more intensive scientific research on 
not odly weather^ but the global environment.^ ^ 

} ' 

3» S"atural Disaaters . , ^ 

The national weather modification program 'is also directed toward 

2 • 

the reduction of the effects of natural disasters. In addition to the 
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1» SCEP (Study of Critical Environmeatal Problems), "Man's Impact on the 
Global Environment," The MIT Press, Cambridge » Mass., 1970. 

'i ■* • 

2. Certain natura^ disasters ate not naturally included within weather 
modification. For "3^stance. there is a major federal effort to reduce 
the effects of earthquakes by •prediction or anticipation, improving con- 
structioti techniques and building and highway codes, and educating the 
public and local agencies in the prevention of earthquake damage. 

O I 
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hurricane-seeding prograa* discussed at the beginning of this chapter* 



v^^e following projects are currently underway. • 



- 1 



• (4) Cloud seeding Is bel'ng used in an^ttenpf ta reduce hail damage, 
Ju>tf running over $300 million per year* in t"his country. iKe Rujalans have 
tttllized' missiles slioc into the threatening - clouds and carrying ^e^^lng 

cxys tals . - . ^ , * ' . \ , 

(^) Seeding' is also'i^sed to reduce 'forest fires caused by lightning 

(timber losses are $'700 million and tire -fighting costs $350 million annually). 

-. ' ■ ' • 

<3)Fog at airports and on highways costs $375 million annually. in extra 
• , ' , '...%. 

transportation expanses, plus* the accidents coaanon on expressways and 

* 

throughways when fog appears intermittently. Fog dispersal methods are ^ 
' being designed to cut these losses in half. C6ld fog dispersal is now 
achievable, and research is directed toward the more difficult problems 
with warm fog. 

<4) Tornadoes re'present a^much more difficult ^roSlem than hurricanes,, 
but .there is early research on tornado modification,^ 

(5) Finally, a major thrust of the total federal program is to Vastly 
inproved observation and waraing systems. Satellite wea.ther observation 
is now combined with radar, alrcraff, and ground data collection, with 
the entire system complemented by increasingly complex and accurate computer 
models for prediction purposes. , • 

4> Conclusion • ^ * 

'* ' * ♦ • 

• This first chapter is intende|l to int;roduce the general approach we > 

will use as we consider a series of spcio- technological problem areas. 



^1. Edwin Ke-ssler, On Tornadoes and Their Modification, Tnchnology. Review, , 
May 1972, pp. 48-55, 



As we "disc^jss eafch topic* the* one coipion diaractcristic which will emierge 
is that there usually is' no clear solution to the problens. Very of.tcn, 
none of the options is obviously the bestn The problems are'jUst too 
conple'x and 'too poorly understood" or the interests of different public, 

groups too conflicting to admit a decision* which is accepted by evcryoiie 

1. . ' . ' . ' - ' • 

, as the op'timum. Furthermore, as our knowledge and understanding grow, 

mm' 

what constitutes the best option may change. ^ 
The engineer or scieijtistj^ facing this situation, is often dismayed. 
He is accustomed to working with problems for which there is a correct I 
solution, ^s'hile the authors are engineering teachers, we also feel strongly 
that the role of the. engineer or scientist in these issues is not to make 
the decision, but rather to present as completely and honestly as possible 
his view of the conflicting factors which are relevant. The decision ^ 

^ must then be made by the public acting through 4he normal political and 

• i - . / « 

social channels. \ , . • - 

• ■ ■ , *' ■ . 

The weather-modificatioft program is presented briefly here as a 

t 

particularly straightforward example in which decisions should be based 
not only on scientific knowledge and social' scientific analysis, but also 
very decidedly on' human considerations. 



f CHAPTER 2 , L 

In the last years of St^arno's rule in In4ones^a> he fla|:ly,, opposed 
,aa£ program to 'educate the XOO million residenti abkut family *pl4^plng 
ot'-'birjth control. He fervently believed t^at if In4onesia was to attaih 

, ■ • ■■■ ■ ■ ■ ' \ ' • ■ 

4ts rightful place in AsTlah 'politics , febe poj>ulation ^ould have to gtoy 
to ^250 million* Consequent!;^, the obligation of the government wa8 to 
encourage more babies, rather than do anything which might lower tHe 
birth 'rate. - * - 

• ' ^ ' " ^ . ' • ' ■ ' ' • , ' 

IShortly after Sukarno was overthrown in the mid-1960*s, officials 

of the new govemiSent authorized population studies which showed that 

the population was already destined to* reach 25Q million. Unless birth 

control was. introjiuced rapidly, the population would overshoot 250 ^ 

million by the end of this century. "The country would be faced with the 

severe problems of raising the standard of living and provi^j||||p employ 

ment as well as schools, hospitals, and other public institutions « As 

a result of tlaese model studies, a nationwide program of education in 

family planning was introduced. 

V ♦ - ^ • 

1. Inertia in the Population Problem 

The Indonesian experience illustrates one important #charactcristlc 

J 

of population problctss:* there Is enormous iftertta in population . In 
other words, even after the brakes are applied, population keops growing 

1 ^ ' . 

for many years. This is true because, if we have a high birth rate over 



7 k 

1. The word "inertia" means two different things. It is often used to 
mean laziness or sluggishness. Here we are using it in a somewhat 
different sense, as the property oL a body or system which, tends to keep 
It moving once motion is unden^a^. 



r 



the j>asf two'deiades, there-^air^ -tSrge \i'unbcrs.of ^ij.ls W l-ess th^n age 
20. ,Eyen»if the aVeraga nunbeY of babies each, girl, will have thrOttgh . 
her chil'd^bearing yeW is'lcept ^n^\ the next 30 yearV will- see Wlfrge 
.tUnaUc-ot- births. Thi^s In turn will cause narii births twenty to thirty. 

C? ' ■ . ' ' ' - . - M 

years later, and so on. ^ ^ ' 

The ;^ituatjLon' Is similar ^tl> the ''problem of sto-pping a car inovlng ' , 
It 60 miles/hour. After tW driver slatns on the bV&kess the car con- 
tinues to ioll ftyt^ward just'because of its iftertia. ^Stoppfng the car 
abruptly requires a catastrx)phlc. calilsi^>n w^th a barrier, or ah oncoming 
--^ar. Siiallarl^," stV^pl^g popuration growth abruptly wauld require such 
drastic and- unacdeptabie measures a^ involuntary stferi^llzation q^f a ^ 
large * fractiofi of the young people. " ' ^ ' 

This inertia of population growth neans that We. can not expect, 
^meaatc changes in the growth'rate. If the population is growing jiow, 
. It will' continue In spite of any^easonable action ^'e'may tafe. In 

other.words, thtre is a long' t^e lag b'etween a new national or public 
■vrpolicy and its observed effect. A decrease In the number of babies bom 
per family from today on wlirAot show up' as a large drop in population 

for several decades. ' 

A major goal of this chapter is to study this Inertia in more 
, detail. In particular, when we look at a population model- for the 
United StatesV w4 will see how this inertial phcnotneoon appears. 

Just because of this Inertia, it is important that we b.e able to' 
predict population trends into the future. Since decades must pass 
before , policy Changes have effect, we must anticipate the changes we 



18 ' ' ^ : . ... 

will want to occur in the future. This is the renson, certain alarmists, 
often anxijdus £o win attention on . televi^lpn* have regerttly been saying • 
that civiliaation is doomed," we h^ive alrc^idy parsed the point of no re- 



.tum in pppwlationr, it is now too l^^e to do anything. 

■ ' ■* %- ■ , ^ ^ . *' .• 

""A.saher approach was. talcen by Congres«Nand the President in July, 

1969 when fihey established The- Commission on I^opulation Gr<5wth and the 

American Future. In his statement, -Nixon said, . . • 

"One of the mo,st serious challent^ to hunan dcstin^jLn- tl\c last 

third «f this century, will be the growth of the populatioflp^--WJ^ether 

man's response to that challenge will be a cause -for pride or for despair 

in the year 2000 Mill depend very much on what we do today* If we now 

begin our wortc in an appropriate manne^ and if we continua to devote 

a considerable amount *of attention and energy tp this problem, then * . 



mankind will be able to surmount this A^^llenge as it has surmounted so 
many during the Jlong march of civilization." 



Three years later, the Conmlssion t^eport appeared with an extensive 

/' \ ^ . ' 

study of the characteristics of the population problem in the United 

' ^ 1 
States and the options available^ to the American people. . 

' In this fhapter, we will look at population models (particularly 

for the United States) and then consider the Dolitical and social pol- 

icies which are available to achieve a desired population size in the 

future. In order to introduce the idea of poo^latioh models, we first 



1. The final report was published by 'the Govarnnont Printing Office 
in'the sumner of 197?, An advance copy, essentially identical, was 
published in paperback in March 1972 by Now .yaricnn Library, Inc., 
New "York, N.Y."{W5219) under the title", "Population arjd the American 
Future." 
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consider. two simpler cases before turning to the problem of human ^ 

. • V 4 * • 

nobulatlon. * 

- v. ■ ■ ■ ■ . : ' 

2, Sea Lamprey In thd Great Lakes. 

The sea lamprey In .the Great Lakes have been the basis for one of 

the earliest' ani most intensively studied population problems. A 

iirhe*'Sa lamprey (also called the lamper eel) is a vertebrate which 

norcAlly fives along* the shores of the North Atlantic, in -^joth Europe^ 

and North America. Visitors to Puerto Rico can see the eels along the 

rocky parts of the coast. Abput three feet long, the lamprey bites its 

victims and sucks the blood and fluid from tl^ body, h^er biting a 

fish, it also secretes an anti-coagulant so th&t ^he. victira's^blood — 

Continues to flow. To spawn, the lamprey migrates into* firesh water, 

where the female lays* as many as 60,000_eggs and then dies. 

A smaller variety of sea lamprey has existed for centuries in Xdke / 

t 

Ontario, which is directly connected to the Atlantic Ocean. There have 
been no lampreys in the other Great Lakes because Niagara- Falls (Fig. :2-l) • 
has blocked their trayel in from th6 ocean. , . ^ 



Fig. 2-1 Ifeough map of the Great Lakes 
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Niagara Falls _ 
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• In 1829 the Welland Canal was completed around agar a Falls, and 
ships could fiove from the Atlantic Ocean i^b the inland ports. In 




1921 (nearly a lientury later), a 'sea lamprey was found in Lak6 Erie. 

• . ■ ■ 1 ■ 

It elthejr swam through the canal or attached itself to the hull of 4 
ship. passing through. In 1934 a laapi;py was found in Lake St. Clair, 

5*^n 193$^'*J»«f*i?Jce Michigan, and in 1945 in take Superior. A i^w species 

* • ^ j» . -^^ ' - _ 

had been introduced iiito the Great Lakes.' . 

,, • ■ . 

^ The ecological effects were astonishing. Fishing for lake trout 

had been a major industry and recreation ih the four states on Lake 

Mchigan. The history of the pounds of lake trout -caught each year shows 

the effects of the appearance of sea lampreys 

. Year Flil lions of oounds 
— f 

' - . . 1943 6.9 ^ 

, , 1944 6.5 ' 

H# ^ 1945 5.4 

> 1947 ^ 2.4 t ' 

1949. 0.3 ' , 

1950-3 Essentially 0 - 

lav^se^ven years, the lake trout were annihilated; (There was also sn: 

^ '\ . 

effect on the whiteflsh populatloti, '.There was a temporary dip, but 
then actually a slight rise because the trout preyed on the whitefish). 

The response of the state and federal governments was typicdirr 
BecausI -there had been no anticipation, of the probletnfand no careful 

r - 

collection of yearly data, positive action wa^ not takeA untfl 1^48. 
By then, the data show that the annihilation of trout was well underway 
an^ probably dhstoppable. The ingrtia of the system meant that the 
'situatio;! was entirely oiit of co^rol. 
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1948 the start of n large program to trap the lampreys mcchan- ' 
ically. By 1951, the lake trout had disappeared and the lampreys cott- 
tlnued to multiply. An electrification prograa was. started* All ^ 
streams flowing into Lake^Sixperior were -equipped with electrified weirs y 
or screens in the hope^ of electrocuting the lampreys as. they swam 
upstream to spawa or do^mstream after growing to maturity • 
. ,v By 1958 ic was apparent that the trapping and ^lectrlf icatidn 
programs were not successful. The trouble was that the very large 
nxsnber of eggs laid by each female meant that thcfre had to b6^^^s^antially 

100% success in control t* prevent population growth. The traps just dfld 

< *, ' ■ 

not catcl^ enough adults, and the veirs ofteft were broken by debris and 
lc€ floating through the streamt^. Finally, in 1958 It was discovered 
that some females- laid their eggs at the* stream and river mouths, rather 
than upstream. Tbe larvafe then ^ived five years there before transform- 
ation to thc.aduj.t phase, lasting about a year and a halJ^. 

'in. 1958, the final part of the three-pronged program started, with 
latVlcides distributed (wide^' This chemical "warfare" x^aa aimed at the . • 

'.mi 

larvcie during ^he five years betwfeen ?pa\i?ning and adulthood. 
' /%y the mid-1960 Is, it was apparent that the sea lamorey could not 

be wiped out," but the population was at least controlled. By this time,^ 

# 

however the' commercial and recreational fishing had been , affected dls- 
astrously. In addition, swimming on the beaches of Lake Kichignn was 
becoming Impossible because of the thousands of dead alewives which 
* repeatedly had to be removed by bullc^zers/ The alewife nopulatlon (a 
small fish) previously had been- controlled by the trout oredator; now 
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it was free to grow in a friendly gnvironiaent. 

' > - ... 

Finally, in the 1960*s laajor programs were launched to stddk. the. 
lakes with trout from Lake Ontario and echo salmon. The Ontario t^^t, 

4 

* 

^Alich had coexisted with lampreys, had developed the ability tQ avoid 
the lamprey's and also to survive lanprey attach* The sali&oa were pre-* 

dators on the alewives aj(^d also provided spiting and commercial fishing. 

•'*-. 1 - .' 

By 1970, a reasonably' balanced system seemed td^ exist once again. 

The story of the sea lamprey in the Great Lakes may well be unfin- 

ished. It is clearly very difficult to anticipate possible. future 

developments. Certainly, however, there is today a vastly greater . 

understanding of the nature of such "population^ problems, arid the i 

importance of^ careful data collection so that models can be made which 

• . . . , • i • 

will predict major changes well before they actually occur. The iijertia 
of the *sys tern means that corrective measures must be taken very ea^ly 

4 

* * • ■ 

if they are to have any chance, of success. . 
3> Buffalo 

In 1830, there wci^e at least 40 million Suffalo (cortfectly caJ.led 

bison) roaming the western United States. Estimates vary upward dapend- 

. - -' " 't 

ing on wh,ich encyclopedia one consults, since no census was taken at the 

time. In any case, buffalo dominated irRe landscape the way no other 

anima^ has in history. .At an average of 1000 pounds each,' the buffalo 

represented 40 billion pounds of bio-mass '(compared to only 25 '^jilllo'h 

pounds of people in all the United States today). 

In 1830^ the railroad arrived and the rapid westward expansion of 

.the United States began. By 1837, there were only 200 buffalo left. 



•» 
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In this slaughter^ animals were often killed Cor only the tongues and 

i hides. An aver age, of only ^0 pounds of neat' (of a possible 500) per 

buff^io was eateni The peak was reached In 1872 when national heroes 

like "Buffalo Bill" Cody led the killing of nore than seven million. 

In less than sixty years, the lack' of any sort of policy led to the 

destruction of \^at could have been a major ^ource of meat for today's 

population of this country.^ A single buffalo could provide the entire 

meat supply for at least five people for a year* 

■- . . ■ ' /, , . 

• How dould the nation have detemined a suitable resource manage- 

oienC policy in 1830? In other, wbrds , how €ould a Comlssioner of Buffalo 

have decided hox^ many of thelanlmals should be killed each year in order ^ \ 

to keep the' total population constant? This t,s essentially thS" same 

probleai wc face today in setrting the rules for -the fall deer-hunting 

season- From a census df the deer populati^on, the state hunting com- 

missioner decides how jdany can be killed without depleting ^ total 



c. 

population. 

An intelligent policy in 1830 required a^nowledge of the way the 
buffalo population was changing, because of natural causes. VJhat are 
the birth rate and death rate? In .other words / wliat is a model of the 
population without any harvesting (or killing by human beings)? ^ 

Recent studies on buifalo living now in ^Jrotectcd areas have 
indicated the following facts: 

1. Buffalo reach maturity at age 2. 
■ 2. ^0% of the females age 2 or oldtcr Save one calf a year on the 

average. " 
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3. 53% of the cslvjis axe. aiale.^S female. 

4. 30% of the calves live for two ;^ears, or^td maturity (infant 
mortality la high for most anlroals) . * " 

5. 10% of the mature Nasts Mie each year (froo tuberculosis, 
drm^ing» predation, and so on). \ ' ^ 

f-^From these data, we can construct a model showing the population of 
buffalo each year... *. 

Before we develop this model, Ht is simplest .to wojrlt first with the 
population of females . The number of females determine the babies or 
calves bom each year, if we assimie only that there is ai|/ adequate 
supply of males. Once we knm/ the number of females, we' can find the 
Nttmlber of males by a similar model. Consequently, in the remainder of 
this 5ex:tion\(and in the later discussion of human population in the 
U.S.), we focus exclusively on females. ' . . • , 

Now we start constructing die' ni6dei— just a step-by-step way tp find 
.the population each year from the) population io the earlier years. We 
start- with 1830,, when we assume there are 20 million adult fengles; 





1830 


1831 : 


1832 


1S33 


183A j 


1835 


Adult females 


20,000,000 












- 1 

Female calves j 

almost two yrs. (a) 


0 




• 




t 


Female calves 
just born 


(b) • 













I»-this table, wW need to fill in the entries labelled (a) and (b). 
(a) is the" number of calves who will become adults in 1831. In other 
words, it is t\ifk calves born in 1829 who will reach maturity (age 2) in 
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1831. Our data on birth ^r>|e«s and Infant nortality ahow chat (if wa 
assume 20 million adult f ea^iesi^ in 1829) there were 18,000,000 calves 



born ^then (90% o| -the adult £^alies), 47S of these were females, or , 
8,460,000 . 30% of these live f^ i^o" year^, to adulthood and will become 
adult females in 1831. Thus, entry- Ca^*), is 0.30 x 8,460,*000 or 2,54a',0OO. 

Entry (b) is^^ti& number ot female calves bom in 1830, or 8,460,000, 
The table noti become? 






1830 


^ 1831 


1832 


* 

Adult females. 


20,000,000 


— 




Female calves about 2 


2,540,000 






— \ 

Feaale calves bom 


8,460,000 







We Viow turn to 1831, where we need to find three entries. They are 
determined as follows; ' ^ > 

(c) The number of adult females in 1831 Is the sum of tyo parts j 

18,000,000 who survive from 1830 (90% of thfe adults in 1830) 
2,540,000 who become adults in 1831 ' \ 

' 'a 

Thus * • " S 

(d) is 20,540,000, or 540,000 nore than there were In 1830 

(d) of the 8,46d,0O0 female calves bom in 1830, 30% liMie through 

• * * 

1831, so this entry is 
^ 0.30 X 8,460,000 or 2,540,000 

(e) 90% of (c) is the calved bom in 1831, 472 of these, are female, 
or entry (e) is 8,650,000 

If we continue the table one more year, we obtain 
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• 


1830 1 


1831 


1832 


Aduli^' females 


20,000,000 


20,540,000 


n. 030 ,000 


Feaales* alsiost 2' ' 


g 2 ,540,000 


2,540,000 


2,600,000 


Female calves bom 


8.460,000 . 


8,650 ,0(K) 


8,900,009 



This table is a population model for the female buffalo. It showi' 
hov the nui^er of adult female buffalo grows each year because the mimber 
dying is lower than the number reaching adulthood. If we continue the 
table farther, we find that the population continues to grow indefinitely. 

We can now ask the original -Question with which we started this 
section: How many adult females can we allow harvested each year to 
still maintain the populatibn constant? We now need .a table with four 

o 

rqj/s-^-the last the number to be killed each year, We ^assume that In 
I83O9 the season starts after the calves are t^dm, so that the nusd>er 
of calves in 1830 is the same as with no harvesting. Then the table 



tak^s the following form: 



, 


1830 


' 1831, 


1832 


Adult fair ales 


20,000,000 






Females almost 2 


2,540,000 






* Female calves bom 


- 8.460,000 






Females harvested 


(f) 







What do we enter in (f)? 



If the adult population in 1831 is to be constant at 20,000,000, 
we can harvest 540,000 in 1830, (With no harvesting^, the adolt pbpula- 
tiqn would grow by 540,000, as shown in the preceding table) • Thus, if 
entry (f) is 540,000| all entries for 1831 are exactly the same as for 
1830: . ; 
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1832 


wiult remaies 






20 000 000 


Females almost .2 


2, SAO »OUU 


o c/,n nrtn 




Female calvQS born 


8,460,000 


8,A60,00Q 


8,460,000 


Females harvested 


^ ' 540,000 , 


540,000 


540,000 



Each year we can harvest 540,000 adult female buffalo. The adult 
population stays constant at 20,000,000.. If we calculated a similar* 
table for males, we would find ve can hai'vest 860,000 adult males (a 
larger figure because there are more males born). In. tatal, then, if 
we can be sure the right proportion of males and females are killed, 
we can harvest 1,400,000 buffalo a year — enough to provide- the entire 
meat supply for 7 million people* . 

The most important feature of the above population model is that it 
permits us to see year-by-year what is happening. We can adjust each 
year the number of buffalo harvested to obtain control over the popula- 
tion. For example, if there is a drought 'one year and 20% of the adult, 
population dies, the population dips. As soon as we recognize this 

# 

^ decrease, we can reduce the number harvested to allow the population to 
build up again to 2p ,000,000 adult females. 

In other words, this is what is called a dynamic control model: 
it shows the year-by-year situation. We can try small changes in 

« 

harvesting or control policies and measure their effects on the popula- 
tion.. In this way, intalligent control is possible even when the blrtb 
and death rates are not accurately known, or when natural events such 
a3 major weather changes can not b§ anticipated • 
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In ecolbgy, the. population table dfeveloped above is called a 
resource management codel ; the qu^titatlve information needed to 
develop a policy .for the oanagement df a natural resource, here the 
buffalo supply. As we see in the next section, exactly the sane kind 
of model Is useful In predicting human population. l«hen we study people, 
we obviously are not talking about the^nanagenent of resources, but 
rather the prediction of future trends so that we can prepare to njeet the 

t * 

needs in energy, /Transportation, housing, education, and the like. 

4 

A« U.S. Population 

Population 'predictions for the United States or for the world are 
a popular pfistltne in the press and magazines. The- fact that the vrorld 
population Is growing has be^n of interest since the time when llal thus 
foresaw widespread starvation when population exceeded the numbers. that 
could be fed. A favorite of predictors is to look ahead to the year 
2430 (or some such) when people will be standing five deep on all avall^ 
able land on the earth,' if the"'present growth rate continues. (Such a. 
prediction is' clearly ridiculous; well before that time th^re just will 
not be space available to generate babies) . 

« 

^ A much more realistic prpblem is to try to predict the population ^ 
of the United States d few dacades into the future, rather than centuries. 



1. The popularity of such wild predlcTions is partly the result of wide- 
spread public ignorance about population problems. As just one instance, 
60% of Americans. in a recent survey were unable to state the U.S. ■ 
population within SOnillion; 84% could not give the world population 
wivthin one half billion. \4\\ile such data naj^ not, be. very important, 
they are indicative of the general lack of knowledge on many aspects 
of population problems. 
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Because of the Inertia of the system, reasonably accurate predictions 
should be possible. For instance, most of the mothers from now until 
the year 2000* are already alive » so we should be able to estimate the 
number of babies likely Jto be bom duria'g the rest of this century. If 
there is no major var or catastrophe » the deaths likewise should be 
reasonably predictable. Let us see how we would develop Such a popula- 



tion model for the United States/ 



Once again, as in the buffalo case, we center our attention on 

females only. And a^in we divide the population by ages, since the 

likelihood of women having children depends on age. If we were masking 

an accur|ite model, we would use groups covering five years — that ^.s, 

females 0-4, 5-9, 10-^14, and so on. In order to simplify oMr Qiodel, wa 

take larger age groups — every 15 years. Thus, wa are working 

females 0-14, 15-29, 30^44, and over. From the 1960 census, we obtain 

& 

the following data: 





♦ 1960 


1975 


.1990 . 


2005 ■ " * 


0-14 


' 27, it 








15-29 


17.7 








30-44 


18.4 






Female population 
in millions 


45 and oVer 


26.4 s 









1. The model that follows Is based on the article by Nathan Keyfitz, 
"How Crowded Will We Become," on pages 297-309 of the book:- J. M, 
Tanpr et afl, "Statistics: A Guide, to the Unkno^^," Holden-Day, Inc., 
San FfanciscoV Calif . , 19'72. The' paperback book is an exciting and 
impressive collection of articles indicating many applications of modem 
statistics to problems of the real world. 
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We will predict the population every 15 years through the turn of 
tha century. • * 

The firs^, three entries cqver -year age spans. Clearly, the 
population 15-29 is surprisingly small. This is the group horn from 
1930 to 1945 — the depression and war years "when the birth rate was very 
low. The group 0-14 were born during the "baby-booro" post-war years 
froip 1945-1960, when this country reached an average of foui^^hildren 



3 ' , ^ 

per family. Thus, the data for J.960 reflects the changes in pabrtc 

attitudes over the preceding half century, as the desired family size 
responded to economic and social forces.* ^ 

Now let us'suppo«e it is 1966 and wc wish to try to predict popula- 
tion into the future, perhaps as far as^ the year 2005. We have detailed 
data on the birth rates and death rates during the year 1965. In other 
words, with regard to death rates, we know the soalll percentage of women 
of each age who are likely to die in a year. In the sanre way, we know 
what fraction of" women of each age will have a baby daughter during the 
year. 

From these data, we can calculate how to find the appropriate 
entries for t^e 1975 column in the above table — that is, the prediction 
of the population for the year 1975. Specifically, the number 15-29 
in 1975 is 0.9924 of the group 0-14 in 1960. In other words, 0.2 
million of the females die during this 15 years as they age from 0-14 
to 15-29. (In this table we have omitted the population over 45 tQ 
simplify our calculations. Instead of . f ijKdingN^e total population, 
we will focus on the three youngest age group^ • 
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1960 


1975 • 


1990 


2005 ' . 




27.4 • 








15-29 


> 

17.7 


\ 27.2 






30-44 


18.4 









Similarly, the 30-44 group in 1975 Is 0.9826 of the .17. 7 million 
alive in 1960, or I 



* 


1960 


1975 


1990 


2005 r ' 


0-14 


27.4 








15-29 


17.7 


27.2 




* 


30-44 


18.4 


17.4 







Thtis far, the table or model is derived from I960 census data and the 

death rates as measured in 1965. Since fe'hese death rates are not lilcely 

to change much from 1960 to 1975, the estimates can be expected to be 

rather good. It is highly likely that there \d.ll be close to 27.2 ^ 

1 

million females 15-29 in 1975. • . • 

Now we must determine the population 0-14 in 1975; these^are the 

■m 

baby girls bom during the 15 years. Again wc use data from the year 
1965; what fraction of women at each age had baby girls during the 
year. We assume these same fractions will describe 3ie births '^rom 1960 
ta 1975. From this information, we find that the number of girls' still 
living and 0-14 in 1975 will be the sum of three parts: 
0.4271 X female population 0-l4 in 1960 
0.8498 X females 15-29 in 1960 

0.1273 X females 30-44'in 1960 % 

1. It is also noteworthy that the death rates are quite small. If we 
"were modelling the male population, ve could expect aopreciably more 
deaths because of accidents, homicide, suicide', alcoholism, heart 
attacks » and so forth. • 

er|c 3!^ - 



The total of these three nunbers gives" 29.1 as the nuaibar for the 0-14 

* 

entry for 1575. In other words, if * the" b|rth rates ofi 1965 truly des- 
cribe the 1960 to 1975 period, we can anticipate 29.1 feaale girls under 
15 In 1975. (Hence ve assume women over ^ haVe a negligible number ^ 
of children) • V ^ r , 

We can then calculate the 1990 column in. the same way from the 
!'dat^"for 19^5. ' From 1990, we can go on to 2005.- The complete tabl-e 
then takes the form • * ' 
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• 


1960 


1975 


• 1990 


2005 


0-14 




• 29.1 


37.7 * 


44.1 


15-29 






28.9 


37.5 


30-44 






(ED 


28.4 



Female pojiula- 
tion in mllllot 
(based on 1965 



Several comments .should be made about this popiflation model. 

(a) The three entries in the .1960 column are census datar-in other 
words J facts. ' 

(b) The death rates are not likely t,o change very much in the next 
30 years. Consequently, the predictions depending only on death rates 
are likely to be very good. Thus, we have confidence in those entries 
circled ih the table. ' 

(c) The entries not circled depend on birth rat5 or the patterns 
of hum^jn beha^rior. In the U.S.', a trend to small or large families seems 
to sweep like an epidemic across the country. If we had used lower 



birth rates of 1971 'instead of 1965 as a basis for prediction, #ie table 



would have the form 
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1960 



1^75 



.1990 



2005 



0-14' 



25.3 



31.4 



33.3 



15-29 

- 




17.7^ 



27.2 



25.1 



.30-44 




31.2 



-Female population' 
In millions (based 
on 1971 birth rate) 



l7.4 




24 r7 



The circled entries are unchanged; the other entries are reduced. By 
2005, this table gives a total-^pulation 21 million less than the prei^ 
ceding table*' (over 40 million less if we include males)* 

this la^st comment emphasizes that the model predictions are depend- 
eilt on human behaylor which we can not hope to aitticipate. The farther 
into the future that we try to predict, the more sensitive our model is 
to/ these unknown factors. We can predict reasonably well 15 years Into 
the future; we Just dd not know xA\at will hapuen 45 years away (even i£ 
no ma^Jor war or depres^sion or new contraceptive introduces an entirely 
unexpected factisr). 

5. Use of the Population Model 

The population model provides a basis -for economic and educational 
jflanning. Becau^ many years are required to educate professionals 
(doctors, teachers, nurses, and so On), the nation should an^cip^te 
th6 needs , in order to expand and^ contract educational programs. Other- 
vise, we are likely to encoun^ier the situation that In 1972 (for example) 
there is a surplus of engineers. Freshman enrollment in- engineering 
falls and certain schools close. Five years later, the low output 
results In a severe shortage^ starting salaries soar, and large nxmbers 
of freshmen lare attracted. Five rnore years see a serloifs over-supply, 
•This -unstable, oscillatory situation grows more violent each cycle, with 
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^ ' 1 * 

large numbers of young peo^e frustrated by the'systeis. 

In the particular case of elementary school teachers , our model 
of the last section shows clearly why the Bureau of Labor Statistics 
recently predicted^ ^evere surplus by 1980. In th^ las«t cable (based 
on the 1971' rate), the number of females O-14 in 1975 is slightly le^s . 
thlm in 1960; even the table*, based on 191^5 births indicates only a . 
cUmb from 27.4 million in I960 to 29.1-ln 1975; Tlie rapid expansioa. 
of elementary schools in the 1960 's which resulted from'tlie baby booa 
of the 1J50'^ will be followed during the 1970^s -by a static situation 
at best. Indeed in 1972 elementary school enrollment was only 35.9 
million, a half million less than %xx 1971. A reduction in 500,01)0 
students means about 2,OO0^fewer teachers. It is not surprising that 
several states are sharply reducing the number of edu<^ation ptogr£UQS> 
and that the newspapers carry frequent stories of education gr|iduates, 
migrating to Australia to find job opportunities. 

Both the last two tallies indicate', however, a rise in elementary- 
school enrollments by 1990 (when the many girls bora in the 'SO-^s have 



'4 



Recently had children) • Thus i the model gives a prediction of both \ 
the people likely to be entering the ^ob market and the jobs available. 
Obvlousj^y careful economic and governmental planning requires much ' 
TOre detailed models than we have derived in the lapt section, but our 
* analysis does indicate the princiiftes from which such^ models can be 
built. 



1. Medical education has consistently avoided this^ sort of wild oscilla 
tlon by stringent control over enrollment in spite o5 the frequent 
criticism that medical schools dre unnecessarily small. 
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'Exronential Growth 
^ 

The model based on 1965 birth rates is reproduced below. If we 
lo<^ at the data in any one row, we find that population grot-ra as shown 
by the solid curve of Fig. 2-2. There' is a rather steady, smooth groi'th 
represented by the dashed line; on top of this or added to it is an . 
oscillating part, '* - ' * 





1960 


1975 


1990 


?m5 


0-14 




"5^.1 


37.7 


44.1 


15-29 






28.9 


37.5 


30-44 






^2677) 


28.4 



'in milllonis 
(based on li 
birth rate) 



Female 

population 

0-14 




1960 1975 



1990 



2005 2020 



Fig. 2-2 Population growth 



The. steady-growth part is a long-term tendency of population to 
'grow simply because people like to have more than two children per 
couple. The oscillating part arises from the short-term changes in 
public attitudes toward family size — changes caused by war, depression, 
and the like. • ^ . • . 
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if out prediction is continued into the future, we find that the 
'Short- term oscillating part eventually dies out. The prediction follows 
a simple, smooth growth curve. This ssaooth curve (the dashed line of 
Fig. .272) indicate^s tlj^^long-term population growth rate. 

'If we study this •long-tena growth, we find that it corresponds to 
a rate of 1.3% per year. In other words, every year 'the population 
increases by» 1.3%. ' 

The situation is e^^ctly similar to the growth of a savings account 
in a bank, with the interest deposited at the end of each year (in bank- 
ing terms, the interest is oompounded annually). If the interest rate 
Is 5% and we staTrt with $1000, after one year we have $1050. The next' 
year we receive 5% of this total, or $52.50; hence after two years we 
have $1102.50. Tl\e dollar growth the second year is slightly larger ^ 
than during the first year. 

Each y^ar ifie growth is 5% of the total at tha beginning ^of that 
year. If we plot, the growth, we find a curve such as Fig* 2-3.^ The 
^larger the value of the curve, the mo^ the growth that year. 



Savings 
account 



s 



v^l Fig. 2-^ 

r ^*^ j ^ Compound 
* I interest 



\\\ 



year 



1. Actually, if women had children qnly at or near 'age 25, the oscilla- 
tory part of the prediction would ^cnd to grow si?^. \}q call such 'a 
system "unstable." The model is obviously of no value In predicting ^ 
population once we are so far in^ the future that the large oscillations 
cai^e violent changes. Fortunately, in the case ofr human population 
.sttSies, women have babieS over a wide age span. As- a, result, oscilla- 
tions caused by t,he baby boom ofUhe 1950.' s tend to disappfear gradually. 



I • ■ ■ . . . * . . ■ 

The doubling rule ' . • ^-^"^ 

iln the case of the savings account, if we took tHe 5l||ltntercst home 
each year and kept it "safely" under the mattress, we would have $1000 
in the bank and receive $50 each year. In 20 years, we would have $1000 
undei? the mattress; our money would have -doubled. 

If we invest the interest every year (that Is, we obtain compound 
interest), each year the growth is slightly^ larger than the year before. 
Now how many years must pass before the money in the bank doubles? If 
we do an exact calculation using algebra, we find the answer is J.4.2 
years.- Actually there is a simple rule which works for all compound- 
interest problems (or population growth problems). It states that 



The number of years to double ±s about 72 divided 
by the percent growth per, year. 



In growth problems, this rule is a very important and useful tool. 
For example, if the. interest rate is 5%, we must wait about 72/5 or 14.4 
years for the total to double. (We said above the correct answer Is ^ 
lir.2 years; this difference demonstrates the typical accuracy of the 
rule). 

- If the U.S. population is growing by 1.3% each year, we can expect • 
it to double in 72/1.3 or 55 years. A population of 205 million in 
1970 will become AlQ^raillion by the year 2025. 



1. The correct answer is 54 years. Again our rule works, since no 
one is going to worry' if we are one year off. The rule works well 
as long as the interest rate is less than 20%, 
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Another forn of the doubling rule 

The rule can also be stated in another useful way? 



,lhe percent increase per year -is about 72 divided 
by the nuiaber of years to double. 



If we know that a certain growth situation results in some quantity doubling 



In 18 years, we can irainediately state that the annual growth rate is 72/18 

or 4X. *. \ 

In both forms of the doubling rule, we need not measure time in years; 
we can use any convenient length of time. For instance. If a baby weighs 
twice its birth weight at- nine weeks, the average weekly Increase is then - 
72/9 or 8%. We could also state: the weight doubles in 63 days; hence 
the growth rate is 72/63 or 1.1% per day . « 

Thus, the two doubling rules allow us to slide easily ^back and forth 
between the two descriptions of growth: the time to double. and the percent 

increase each ^ear or other unit of time. 

; ' ■ 

Exponential growth 

The particular type of growth considered itx the above examples la 
called exponential growth . Tiiis term means that the quanti ty or size grows 
by the same multiplying factor In each unit of time . ■ 

This is an extremely important concept in many different system studies. 
In 1970 in Boston, one in every five people were on welfar?. With a 
population of 700,000, this means 140,000 on welfare. If the growth is 
exponential for the number on welfare and the rate is -6% pexi year, 1971 
should see an increase of 8.400 (to a total o^ 148,400). In 1972, the 
increase is 8900, or 500 more than in 1971. When the growth is exponential, 
the problem is not only continuously worse, but also the amount by which 
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It grows continually increases. In general terms, the rate at vhich the 
situation worsens grows directly as the severity of the problem. f 

In popular speech, we often describe such a situation as runa^y. 
Runaway inflation menas the dollars needed to buy a house, for exanple, 
grows exponentially. In Brazil a few years ago 'the inflationary rate was 
20% per year. Jn less than four years, the cost .of a house doubled. 

When growth is exponential, the danger is that the problcia nay get 
away from us before we realize its seriousness. There is k classic 
example of this in ecology. A man owns an estatf on wUicK^ a jiond is located. 
He fltids that the water surface is gradually being ;.fcbvered by ian, odorous 
plant growth. He 'notices that a square foot 'is .capered the first day,' two 
square feet the second day, and four square fefet the third day. He decides 
he will take corrective a9tion when half the surface is covered; by that 
time the problem will >e serious. ' 

' ' . ^ 

Unfortunately, by that time it Is, too lat^. Ihe growth doubles each 
^^Consequently, when he moves Inl^o action, he has only one day to : 
*ColcrejCt the situation^ ' ^ 
Sigmoid growth . , .. 

Actually exponential growth usually characterizes the early portions 
of^ phenomenon. The.innual sales pi tHe Xerox Corporation can grow expon^ 
tlally during the company's early years, for example at, 18% per year, or 
doubling every four years. Obvious iy such growtl\ can not continue tndcf- 
"inltely; .the Xerox sales can not exceed the U.S. Cross, National Product, 
and the slowing of the grdwth rate will occur well b%ore that tim6. 

An actual growth curve tends to h/ve the form of Fig. 2-4, known as 
a sigmoid curve (sigmoid means shaped. like .the Creek letter sigma. 
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Fig. 2-4 Sigmoid growth 

corresponding to a). The growth is exponential ap to the time t^, then 
the rate of increase starts to slow, and fi^ya^ay jjtie, population or a|,ze 

\ 

approaches a constant value (or a slowly increasing value). 

•• ■ - ' ■ • -N'. ' 

XiV.any particular growth study, a crucial problem i£i.5^eciding where 

we are with respect to t,. Is the grox^th going to continue e:^nentially, 

or will the growth shortly slow down? In most cases, the answei* l^.not • 

at all apparent. For instance, in planning for new schools in a subul^an 

town, the School Board has to anticipate when population growth will slpii'J^ 

Obviously, if land availability is severely limited, irrcaigrat ion wi^l fall*'^; 

But usually the Immigration decrease precedes this t|ine, sijice as land 

becomes slightly scarcer, prices rise and the area is less attractive 

because of crowding. The difficulty of the problem is proven by the suburbs 

where elementary schools have been over-built. 



7. Graphs of Exponential Growth 

The United States is by far history's most efficient producer of 
solid waste. With only 5% of the world's population., this country generates 
well over 50% of the total rubbish. The data from the*past 45 years are 
awesoioel • ^ ' 
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^ 1926 50 million tons/year 
1940 75 
^ 1950 100 

1962^ 150 * * 
We desire to 'plot these data In order to predict the problem magnitude 
likely by* the year 2000 and also by 2050. A 

First we might ask: Is this exponential growth? This d equivalent 
to the question: Do the given^data represent a constant perfccntage increase • 
per year? The nuabers above do seem^ to be dose to exponential growth. 
The total doubles from 50 to 100 in 24 years; later it doubles fr6m 75 to 
15J in 22 years. It multiplies by 1.5 in 14 years (1926-1940). then in 
12 yeairs (1950-1962). labile tha growth rate may be increasing slightly, 
probably exponential growth i^ a reasonable assumption. There is.no point 
In worrying toJ much about small errors, since the above data are certainly 

Just rough estimates. ^ 

We want to plot a grapH showing the annual solid waste aa it varies 
with *he year. We first select our scales (Fig. 2-5) t Since we want to 
predict to the year 2050, the horizontal scale is chosen to carry the graph 

400 ■ 

300" 

Million tons 
per year 200" 

#0 



4- 



1926 



1940 



1960 



H 

1980 2000 
Year 



2020 



2040 



Fig. 2-5 Scales for the graph 
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this far. Th$ snallest value is 50 ia 1926 j on the vertical scale we 
represent tills by a ssiall distance*. . * • 

Nqw we are ready to plot. - The given data ara first entered, and a 
solid line is drawn approximately through these points (Fig. 2-6). If 
the doubling time Is 22 years, prediction points can be determined: 
1984 (1962 + 22 years) 300 million tons/year 



2006 
2028 
2050 



600 

1200 

2400 



A dashed line in Fig. 2^6 is drawn to indicate the prediction into the 
future, . . 



Million tons 
per year 




1926 1940 I960 
Fig; 2-6^ Solid waste prediction 
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■ Unfortunately, before the year 2000 the graph goes off the scale. 
The exponential growth is so rapid, we would actually need a graph nine ^ 
inches high to show the value by 2050. In order to bring the value at . 
2050 onto the paper; we would have to contract the vertical scale so much 
that the curve from 1926 to 1950 would almost lie on the zero line. 

These graphing.dif f iculties alx^ays " ar^se with exponential growth. They 
can be avoided by using a distorted or nonlinear vertical scale. Instead 
of each division vertically corresponding to a fixed number of tons/year. 
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Fig. 2-7 Vertical scale for an improved plot 
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we make each division represent the same factor of growth. In other 

words, we label the vertical scale as- shown in Fig. 2-7. The minimifla 

, ) ■ ' 

value of interest is 50, so we choose thl,s at the bottom. One division 

up corresponds to a doubling ^ 100; a second division doubles again to 

00, and so on. Each vertical division 'need not represent doublingT 

multiplication by any constant factor can be used. 

Once the scales are fixed, the 'given data points can be inserted* 

With this type of vertical scale,- the graph is a straight line . This is 

just what is meant by exponential growth. -The years horizontally required 

,for the curve to move upward one division are the same • everywhere since 

edch upward division corresponds- Co multiplication by the same factor. ^ 

THus, exponential grw^th is represented 'by a straight line when'we 

use this distorted vertical^cale, called a "logarithmic scale." Such a 

logarithmic plot allows vs to answer the question originally posed: Do 

the given data correspond to exponential growth? If these, da^ fall on a 
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' strdight line on sudi a plot, they do indeed represent exponential growth, 
P 3^00 • 
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Fig. 2-8 Straight-line plot of solid waste generated 

(logarithmic vertical scale) • ' 

' Furthermore, with this type of plot, prediction is trivial, tfe need 
only extend 'the solid line with a straight ejlge (Fig. 2-8). The figure 
shows that the prediction g.lves abput 2500 million tons/year in 2050, 500 
mil^-ion tons/year in 2000."^ ■ . 

* 

Graphs 6f the type described above (i.e., logarithmic plots) appear 
f^queatiy t\s newspapers, magazines, and other media. The t^Jo advantages 
are that one graph can showman enormous range of variation of the quantity 
being plotted, and that a straight line represents the exponential growth 
which is so Very common in descrJLbing social, environmental, and economic: 
signals. 



x% Such graphs and predictions are normally not used for precision work^ 
since the data just are not that good. We should pointr out that the 
vertical scale is distorted- Tims, 800 is one division above 40Q and is 
2 times 400. One half division up would be ^ tines 400, not halfway 
between 400 and 800. If one vertical division corresponded to multiplying 
i>y 3, one half division would neaA multiplication by sff or 1.7. 
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8. Possibility of Population .Control ' 

In 1972. the number of children per family ia the United States 
dropped below 2.1 - the level" needed to esVabiish a constant population 
on a iQng-term basis. In spite of this, the inertia^of the system means 
that the population will continue to increase at an average ,rk^ of 0.7Z 
per year until the end .of the century, and 300 million population will 
be reached by 2021. After' this ,» the levelling off will occur. 

If social, economic, and attitudinal changes occur after 1973 and 
we rctu'm to a norm of 3 children per family, the population will reach 
300, million by 1996. and 4%Q million by 2014. Thus, any rational estimate 
of future population to the end of thils" century simply has to be based 5a 
a guess as to the reproductive "habits of the people. Here past history 
(Fig.' 2-9)is not very comforting, as the reproductive rate has varied from 
a higli of 4 CPF in the late 1950's to 2.1 in 1972. There is no logical 
basis to estimate x.ith confidence what this rate will do over the coming 
4^ade. 

Children 
' per family 
(CPF) 




Fig. 2-9 .Children per' U.S.' family over last two 
decades ^ % 

Regardless of, the changes in the next decade in the CPF, the inertia 
Wtll cause continued population growth as noted above. To achieve zero 



populatlcn grovlh^cdlately. «e vpuld hava .to h».ve one CPF ch^s cntir. • 
geoeration. 2 CPF In. the next generation, and then 3 bPF in. the ne« (to 
compensate for the. low birth rate in the current generation). Even the . 
most ardent advocates of zero population |ro«th can not seriously argua 
for the federal and social constraints, which would be necessary t6 ensure 
such an odd reproductive pattern. , . 

Consequently, this country musfplan to adjust jor at le^st several ' " 
, 'decades to population growth. • During the 'next two decades, we can ' aritiapate " 



New households /year 
Increase in labor fox;ce/year 



1970 
3.5M 



Percent living in cities 60% 70% 70S?/^ 78% 



2.8H 



-BeJavile of ^uch Impacts, a national population policy .ust be developed.^ 

I£ there is a national decision to attempt to limit population growth, 
■the <iuestion that iimnediately arises is: ' iiow can, cpntrol be achieved? ^ 

- - ' • ■ • n 

What are the alternatives^ . 

in order to^er this question, the to,=.lssion on Population Gtowth 
aid the AmerlcaWuture attempted to look In depth at the varicus facftors 
which contribute to growth. From such a study, a relatively small nu^er 
if tolerable alternatives aoaear^ vhich ve discuss in the remainder of 

this section. ' 1 ' 

•■ » 

Immigration 1 ' 

Does immigration' contribute significantly to U.S. population growth? ^ 

Yes, even under the res trietlve^lews now in effact. 
' • More than lOOO people per dayj^ the net fl?- into the United State^ 
■ or approKimateiy Am) .000 per yearP' This compares to 10.000 babies bom. 
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dally, and 5000 deaths". Hence, iEmigrat^on accounts for 2dt|)£ the' annual 

population growth in the ^rly 1970 *s. , Two thirds of the itasaigrants 

settle in only six states (New- York, California, New Jersey, Illinois, 

Texas, and Jfassachusetts) , so there is a particularly' acute problem in 
• , ■ , ■■ . 

absorbing. the inpigrants into the socio-economic system in a few cities. ^ 
The Imnact on ooDulatiDn crdwti is pktticularly pronounced because so • 



The^-mpact on population growth is particularly pronounced because so 
many of thQ immigrants are young adults just entering the child-bearing 

age. . 

' ^ The' problem of- controlling immigration has been difficult in the 

/united States because so muQh of the population growth during the last 150 

years has resulted from the open-door policy. The first restriction was u 
•. ' ■ * 

imposed in 1882 when^Chinese were excluded. Abput 1900, general limita- 
tibn§ Were imposed on those with criminal or bad health records. 1924 

* » 

saw the first) general restriction with only t\,fd categories allowed to 
immigrate': (1) Close relations of U.S. citizens and refugees; (2) 150,000 
others each year,' selected by quota to maintain the e:«tsting ethnic di?- 

it 

'trlbutions in this country. ^ 

These rp^ulatio'ns to hold \,^& "status quo:' lasted until 1965 , when 
a major revision of the immigration laws removed emphasis on national 
origin and based future decisions on: 

(1) - Family reunification, ' . " . 

(2) Political asylum, . > A 

(3) Needed skills and .professions.' 

This last category has resulted in th^ heavy in-f low 6f physicians, attracted 



1 This 400,000 annually is a net figure?. "About 37,000 people per year 
eidgrate from the United States, priuWrily to Canada, Israel, and Australia. 



by the^high salaries (average* $42,000) and exceptidnal ciinltal and research 
facilities,/' (There are 7000 Filipino doctors in this country noi^', ' compared 
to only 6000 Blacks) . 

- An efttlrely different category cncoppasses ttie ' Illegal immigrants, 
Npbody really knows how maiiy of these there are. In 1971, 420,000 such 
aliens were located and deported, in contrast to only 71,000 in 1960, so 
presumably the in-f low .rate Is of the sane order of *aiagnitude as the legal 
. Innnlgrant^- One estimate is. that as many as two million aliens may now 
be living illegally in this country. . 

•Eighty percent of the aliens deported in 1971 were from ^exico. In 
most cases, these were itinerant farm x^orkers , willing to wtlc for below- 
minimum wages. In recent years, an increasing percentage of [the illegal 
immigrants have been found in the larger cities, in contrast * to Pearlier 

years when most stayed near the point of entry. | 

* * ' ' I 

^ *h4>s the immigration, both 'legal and illegal, constitutes 40% of the 

annual population growth of the IJnited States. If immigration were shut 

offj^ the United States would <iow be well cielow the, reproductive rate for. 

long-term, zero population growth. In the light of this situation, some 

proponents of population "control argue for both a significant cut-back 

in legal immigration and rigid law enforcement to decrease illegal entry. 

They emphasize the uijemployment problems already existing in this country 

and the urban congestion.^ - * 

To refute these arguments, people in favor of Irrjnlgfation point out 

that the immigrants in the past have made extremely important contributions 

to the development of this country. Further, for humanitarian reasons, 

the United States should, continue to be an asylum for political refugees. 



and a laad vhere opportunity exists without regard to the 'individual's. 
bacScsrouad. ^ ' . . 

Pnvaateid babies 

If a reduced rate of population growth is a national goal^ one might 

ask If decreasing the number of unwanted "babies could be significant. 

Here the terra "unwanted baby" refers to children not desired by the parents 

4 

before conception. According to the 1965 National Fertility Study, 20% of 

< • ■ 

all babiejs fall into the unwanted category. One third of the married 

% 

couples studied had at least one^ unwanted child. In terms of the nund>er 

of children the par^ts already had 

5% of the first children were unwanted 

^ of the second ^ \ 

21% of the third i * 

32% of the fourth 

45% of the fifth ' - 

50% of the sixth and higher^ 

The 1970 National Fertility Study showed similar results, with the cleft 

indication that "if unwanted births were excluded, the United States would 

be well b^low the reproductive rate corresponding to an Ultimate, zero 

popuiatioa growth. 

In urging a national effort to reduce the number of unwanted births, 
the aajorlcy report of the Commission on Population Growth and th-ft Ameri- 
can Future argued for a variety of actions. Xhe pass^e of the 1970 
F a-rf Ty Planning Service and Population Research Act was considered only 
a first step. The Commission stated that much more research is needed 
on contraception, and educational programs must be* vastly expanded to 
make, fanily planning servicfes more widely available. , Furthermore, many • 
of the state laws on marriage , divorce, abortion, and contraception 
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should be changed. The arguments are-made Chat advertising of contracep*- 
tive devices should be allowed, and that physicians should be legally 
able to give advice to minors without parental consent. . . 
Other factors , f 

Population growth can t?lso be slowed by. in<^eased opportunities for 

• - • 

women to work. In nuch of Eastern Europe, where women have been heavi}.y. • 
employed since World War 11,'^the birth ^ate has dropped so low that there 

t 

is widespread concern. In several countries, national politgf 1^ to 
encourage additional children through all possible incentives and propagaiida«r 

The ^irth rate caa be ijifluenced som^vha^ through economic incentlws^ 
an4 tax laws, although the system is generally inelastic — that is, 

changes ia the federal income tax rates, for example, are' unlikely to have 

• • - ♦ • . ^ 

any real effect. . * 

\ 7 

To what extent propaganda Is cf feative is not deaf. The s%rp ^rop' 
in the CPF. (children per family) from 1959 to 1972 is generally attributed " 
to a variety ^f causes: the birth control pill, expansion of family 
planning services, easing of abortion laws in several states, women's * 
liberation- and expand^ job oppoTtunities , economic coadicfons -such as 
the rise in unemployment about 1970, and publicity about the population 
and cavircsnscatal prcblcsis. There seems, to be. no agreement on the rela- 
ti^ sigAificance of each of these factors. ^Even in the case of abortion- 
law change, the fact that 400,00)6^ abortions were performed last year in 
states where it was permit^d at the will of ttie mother is still difficult 
to interpret. How many of ttt^se abortions would have been done illegally? 
How many of the pregnancies would not have occurred with stricter abortion 
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laws? All that really is known is that the numbef <^j^ unwanted bitchd 
is certainly being reduced sharply if the shortage of babies avalldbld- 
to adoption agencies is a valid indicator^ 

9. Final Comments , • . 

m 

This chapter really only touches the surface o£ the subjad§ d£ pdjiuld-* 
tion models. We owe an apology to the experts in deiMgraphy and populacidd 
modelling for the superficial treatment ot art e^fceadlngly difficulC topids 
Perhaps even this brief coverage does Indicate the complei^i^natuife d£ |?opill4 
tion dynamics, with the importance not only 6£ the age dist^ibuti<$n tHA 
current population, but also of public atcltudesi and gov^rrittdrtCdl poliGi^S* 

The difficulty would be vastly gteaCef it we included cdrtsiderdtldtt 
of the geographical distribution of the U*S# populaCldn* Ariydrto t^d 
travelled throughout the country recognises that thafd is nd shoiftdgd 6£ 
land. The Ironble is that most of the population lives in the urban ^1560^4 
In 1900, 60% of the people lived on faraS or in villages J by 1^70 , drily 
262 were rural and 69% lived in urban arads> (citleai of .at l^adt 56,000 

or areas economically integrated with citled)* The pcrceritagd Wdd eVett 

t' 

higher in California (93%) and the Northeast (80%), The 20 citied toddy 
of population more than one million will grow -Irt numbef to 50 by thd yddtf . 
2O0O, and there will be 12 metropolitan areas the size of lieW York t66Sk^4 

The trouble with such urbanization arises both because of the con- 
current intensification of basic problems (environmental, transportation, 
crime/ and so on) and because the city is not (/here people oftert wang^ 
to live,. If people are' asked for their choice of living eriVlronmertC, 
they respond as follows: 
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Percent living there not/ Perecnc preferflnn thitf 

Open country 12 ^ . ^ 34 

Snail- city 33 ^ 

Medium city 2S 22 

Large city 27 ^ ' 14 

l^ile the aversion to the Idrgs <^ty feeas clddr» it i« noc.cldar 

whether urban population density Is ^ufficiiaatly "high to cauid BAtipxa 

■ ' • ■ 1 ' ■ ■ ' - ' 

effects on, the inhabitanta. Exptssiiatti^U* with <uUttk»X»| st^^i^Lii^g with dia 

rats studied by Calhoun in 1962, hse/& shown that aerious overcrowding 

causes increased mortality ascong ths yetmgv lower fertility, nogldet ot 

the young by mothers, aggra33ivenes£5, s^salinabulism, se%ti&t aberrationflf . 

and other psychotic behavior. To what ^%teat can th^& results bo CAXtM 

ovv to a study of the modem clcyt Since it Is nearly ioipoaaibla to do 

carefully designed, extensive ^cial experlfflents on peopld^ thara ia nO 

answer to this qusstlori*. Perhaps we aaa at lea^t ba cxmiotM by tho 

fact that there is no clear evld^ce that today's citi^ ara having almlldr 

. effects on ths^ residents* . - • ^ 

1 - ' * 



1. One pictures New York City as crcswded. Actually the population density f 
of 80,000 per square mile is far below ancient Roma's figuire- at 225,000, 
even though there were no high rise buildings at Ehs time at cha Caesars. 

2. An interesting article with a bibliography is that by O.t, Galls at sl, 
Population Density and Pathology: Khac are the Relations for Man, ScleneSi 
April 7, 1972, pp. 23-30. ^ 
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CHAPTER 3 * , 

DELIVERY OF HEALTH SERVICES 

The year is 1040; your granddaughter, has just celebrated her 3(Hh 
birthday at an all-night. party'. She faces a bleak prospect. There is 
a rea^ shortage of marriageable young men. Indeed, in the U.S. as a whole 
there are 25% more uomen than men, with the difference almost entirely 
over the age of 20. Both candidates for President are supporting legis- 
lation allowing only young nales to inmigrate, 

Ff.g?, 3-1 shows what has happened. As recently aS'1910, there were • 
6% more men than women. Then the ratio started falAng dramatically. , In 
the 1970*s, health expe*rcs became alarmq^ and studied. the causes. They 
foxsad that 

(1) Young men (under 25) were dying at a rapidly increasing rate 
from auto accidents, suicide, and murder. ' Auto accidents caused, half the 
deaths in the 'agas 15-19. , . 
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Fig. 3"!^ °^ women in the United States 
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Vhite vomea 
Vhlte men 
Non-white women 
Non-white men 



(2) Old roeh were dying earlier and earlier froia lung cancer, liveir , 
disease (related partly to alcoholism), and heart attacks. 
As an indication of the problem, the death rates among people 25 through 

29 were . 

71/100,000 
167/100,000 

201/100,000 ' 
455/100,000 ' 
Even thbugh these data were widely publicized during the 1970 *s and 
1980^8 • there was no real demand for pubUt action to. change the trends". 
More and more women were following careers, and the lack of marrlage^as ^ 
not considered serious, .Then in the early years of the 21st century, the 
counter-reaction to women's liberation, set in, an^ ^the common goal of 
young |wonjen was ■ devoting full ^jneirgy to the raising of a family. Suddenly, 

» " 

the shortage of men became painful. Safe driving law? were strictly ♦ 
enforced, prohibition became the law of the land, smoking was banned in 
all public placfeS, and severe tax penalties were imposed on any man, over 

I 

30 S\o was unmarried for more than one year.. 

Unfortunately, in die yeat 2040- these measures have not been in effect 
long enough to improve the situation. As so .of ten happens , public awareness 
of a health problem followed by many years the clcar-s'igns of the problem. 
Public action didn't have any obvious ^ffect until decades later. During 
this long time delay, the problem became serious. 
1. Health Services 

The high male death rate is just one indication of the current 
health' problem in the United States. « : 
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"*Every U.S. President since Truman has affirned the right oi ^very 
American to hi'^h-quality health and medical services. With the financial 
and educational resources available in this country, we might logically 
guess that the health of the avdfage Aberican matches or exceeds that* 
found in any other country. Yet the few quantitative measures available * 
for the comparison of different countries usually place the United States 
well down in the list of the advanced nations in the world. 

What are the possible reasons for the . relatively poor health status 
of Americans? IVhat positive steps might be taken to improve the situation? 
What blocks or impedes such action? 

The familia;: lament we hear nowadays i*s: If we can send a man to 
the moon within a decade, why can't we demand the sane success when we 
focus equal energy on Improving the health of the people (or indeed on 
> any other problem)? There are, as we shall see, t^^o parts to the answer: 

(1) The health^^roblem Is much more complex than the' moon program. ^ 
In the health problem, ve off5lK-dft-«ots.kjlo\^^ ether an experlmend 
is succe^^ful dr not. There is no simple way to measure how 
healthy people aire. 

(2) In this country we have found it exceedingly difficult/to focus 

ef fecftiv'ely our national resources on a particular socio-technolog- ^ 
ical' problem. In any national problem such as health, attempts 
to use technology and to do intelligent planning run into political, 
social, and economic roadblocks. Also, there may be so many 
alternatives for possible action that it is impossible to decide 
what to do first — with the result, either nothing is done or the 
total effort is so spread out, no one area is funded enough to $. 
show real results. > ^ ' 

In the following pages, we want to look at the' general nature of 

the Walth problem, and then look at a few possible courses of govemiaental 
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action (with the einpha%ts on the problems impeding progress) . From this 
"case study" there hopefully will emerge an appreciation of some* of th* 
alternatives both available today in the United States and politically 



feasible wCth adequate public imderstanding and support. 

2^ The He alth Services System , V 

— 7T— ^ < 

What do we include within the Jiealth services system? The phy^cal . 

' r> ' ... '• , ■ 

and mental health of Americans is affected by almost every system or 

\ ^ " - ' . ' ■ ' 

Institution. Professional sports hopefully contrib^ife to mental health 

urban transportation perhaps causes mental strain, and so4.id waste disposal 

influences the urban rat population which in turn affects health. 

In order to Kork with' a manageable systejn, we will arbitrarily exclude 

mental health and all environmental problems (buch as air pa^ution) wh«e , 



the relation to health is not obvious. In particular, we include Vf . ^ 

- ... ' , ■ ^ 

Preventive health care 

Hospital care ^ ' ^ 

/Care of the chrdtiically ill or the physical^^ handicapped 
Handling of diseases and epidetaica . 

• / 

^ ^ ' -m . 

. Nutritioa ^ 

Another aspect, emergency medical service, is considered in Chapter 4. 

a?w lar^ is the system fof the delivery of health services in the 

United Sttites? Otir expenditures now total about 75 billion dollars per 

I 

year, and the total is growing appreciably faster t^an the GNP. Health 
is either our lar^esX industry or close to it (this depends |on wha^we 

" k 

call an industry). 

During the decade of the 1960 's, the change in certain costs in the 

* 

U.S. were as shown in Fig. 3-2; of the items depicted, the only one to- 
rise more, than hospital costs was the price of food items popular with 




Fig. 3-2 lises in costs in U.S. during the decadS»of 1960 's 
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the poor within our popxilation. The phenomenal rise in hospital costs 
Mas th$ result of several parallel development?. First, wages rose 
sliarply* particularly as tnaay hospital workers were brought under mini- 
mum-wage laws for the first tine. Rapid grwth in various insurance 
programs incpe^ed administrative paper work and costly delays in hospitals 
being paid. technology, including computers and intensive cai^e , 

facilities, was expensive to purchase and, particulajrly , to maintain and 
Operate. In this respect, there was very little regional planning or 
inter-hospital sharing; of elaborate facilities; the staff of every hospl- 
tal wanted the capability for open-heart Surgery, even though most of the 

resulting facilities were grossly under-\^tilized. 

. ' - J . • ' 

Of the total expenditures for health, 70% come from private sources, 

^ . . . ' ' ■ ' * 

only 30% from governmental programs — in sharp contrast to many of the 
advanced countries of the world where the complete health care system is 
nationalized. - 

3. Current Perfornance of, the U>S. System 

These expenditures of $375 per person per year in the U.S. are very 
much higher than other developed coi^ries. We might anticipate a health 
level significantly better thaA the other advanced nations of the world. 
The data concerning the health of th^ public are not very detailed or 
complete; for example, we really don't know' what percentagejof our popu- 
- lation between the ages of 40 and 50 are reasonably healthy most of the 
time. We can estimate the prevalence of certain diseases or body malfunc- 
tions, but these data are often sObject to efror and, even taken together, 
do not give a good picture of 'health. Even in such a seemingly simple 



aspect as the legally blind, estimates of the population range from 
less than a nillion to nearly three million* 

The lack of trustworthy data appears again and agaia in pitblic 

4 

discussions; Within the last tvo years, there have been repeated argu- 
sents in Congress* and in the, news media about the .magnitude of the hunger , 
problem in this country — arguments made ev6n moi^e confusing by unsub- 
• staatlat&d public statements and occasional willfulX distortion by news 
media. 

There are, however, some data which are carefulljK defined throughout 
"the world and which can boused to compare the U.S. with other countries. 
Ltfe^ expectancy • . - ' 

The individual^orn In the United States in the year 190{^ could expect 
to live 49.2 years; the child in 1965 estimated his life l^xpectancy 

as 70.2 years. Figure 3-3 shows h^^ this change of more than, 20 years 
has occurred ;^nd Table 1 gives the det^iiled data sinc9 1930. The advantage 
of sevcn^years for^omen compared to men, plus the fact that the wife is 
typically three yekrs younger than her husband, explains the very large 
number of -older widows in this country. "Hie typical wife can expect to 
outlive her husband by ten years. Clearly, we should change our customs ' 
to urge young women to delay -their marriage laitil their late'^ZO's and , 
then to marry men in their early 20 's» 

Two aspects of the life expectancy data are Interesting: 

fl) There has been a sharp levelling off of the growth in the 20 
years since the early 1950' s. In 1954, the ave*ag4jjiafl--€f9r5TlI^965 
only 70.2. In spite of the widely publicized medical fadvances (artificial" 
kidney machines and heart transplants) and the stream of new drugs, li^c 
expectancy has not increased appreciably. 
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Fig. 3-3 United States life expectancy at birth; 
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49.2 


•1930 
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1935 


61.7 
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62.1 
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1945 


65.9 
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.59.6 


,1950 . 
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59.1 


62.9 


1955 
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67.3 


- 73.6^ 


61.2 


65.9 
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67.4 


74.1 


61.1 


; 66.3 


1965 


70.2 


67.6 


74.7 

t 


61.1 


67.4 



table 1 Life expectancy in United States 



(2) During thes^two decades, thV U.S. has dropped steadily in Che 
world ranking of nations (Fig. 3-4).- A complete listing of nations shows 
that, According ito the fcd.st recent data available from each coxintry, the 

United States fanks 13th in female life expectancy, 31st in male life 

'» • < 

expectancy. Indeed in the latter list, this country ranks below Greece 

. ' ' t 

and Yugosl4yia, where we usually picture significant sanitation problems- 
Tablfi 2 is a startling list of areas outranking the United States. 

Actually, life Expectancy is a somewhat poorly calculated figure 

and, as we mentioned above, only a rather crude indicator of health. 

Even the data have to be in4:erprGted with care*. Hffe expectancy is 

determined each year from the death rates in-e^ch age group during that 

year. For example, for a baby born in 1971, we determine the* percentage 

of 75 year-old men who died during 1971; this is the probability of the 

f 

baby dying In his 75th year if W reaches 75. We do the same tiling for 
each year (74, 73, 72, and so on down to zero). From these probabilities, 
we can ciltulate his life expectancy, although the calculation is not edsy. 
Thus, the life expectancy of '^"a baby born this year depen<^s on how 

the oiddr, people are dying this year — rather than on a prediction of 

' ' ^ \ ^ 

how fhe. older people will be dying when he is one of them. ■ Consequently, 

when there is a major Ihflqenz^ epidemic • (1919 in Fig. 3-3), with many 

deaths among abnormally young people, the life expectancy drops sharply. 

These data are not published until several ycfTrs later and hence are of 

interest only to" people who have already survived the epidemic; consequently, 

the calculat:i(3ns are not too useful. 

. ^ ;^ » ' . , " ". ' ■ 

^ \. We are, of course, comparing tJie U.S. prirnfirilT to 6ther developed 
•nations^ If we include the entire world''s population, this country looks 
good; .In Gabon, Africa, for instance, male life expectancy :^ 2S years; 
in India less than 42. 
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Mg. 3-4 Life expectancy around the world 
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Sweden 
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New Zealand 
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71.03 
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Ireland 
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Hungary 
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68.13 
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^7.74 
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Table 2 1971 Ranking of cbuntries by male life expectancy • 
(based on latest available inf^Dtrnation) • These 
data are taken from the ^'United Kations Statistical 
Yearbook, 1971* " ^ > 
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Infant mortality 

A second neasure of a country's health Is the' infant mortality ~ 
the^fractloo of babies who are bom alive but who die during their first 
year. This is in soiae ways a more reliable index than life expectancy, 
since in most advanced nations accurate and vip-to-date data are available. 

♦ * 

Since 1930, infant mortality in this country h^ dropped from 65 deaths/lOOO 
live births to less than 20, with the sharpest decreases during the 1930 *a 
and 1940»s (Fig^ 3-5). 

In spite of' this marked improvement, during this period the United 
States has fallen far doxm in the ranking of the nations with whicSh we 
would expect to be compared (Fig» 3^6). ^ 

It is particularly noteworthy that in the U.S. the probability of 
an infant dying di*ring the first year is almost twice that In Norway or 
Sweden. (Sweden is the nation often taken as the model for evaluating 
health delivery because of the generally high ranking In all indices, 
and the elaborate, nationalized system of health care). 

4. Reasons for Pool: U.S. Perfomance ^ ^ 

For a nation wl)ich spends the most money per capita on health care 

« 

and in which the objective of the best possible health care for every 

■ 

citizen is a non-political, national goal, these measures of U.S. , perform- 
ance are stunningly disappointing. If these data do give a reasonably- 
accur:&te indication of our health status, what reasons can be given? 



1. We should emphasize that we are comparing the U.S. with other developed 
nations, not with the world as a whole. In Pakistan, for example, the 
infant mortality is 142/1000 (more than one in seven babies die during 
their first year), and in Burma the rate is over 200/10(50. 
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As in all major, social problems, there is no simple explanation. 
A variety of factors have combined to lead to the overall results. In 
this section, we will look at a few of the explanations which haVe bcea 
presented in recent years by politicians, health officials, and observers 
of the health system. 

(a) "The total number of doctors is too sm^ill." 

The United States has about 325,000 practicing physicians (one for every 
615 people). Sweden (our standard for comparison) has 10,000 physicians 
for a population of eight million^ or one M.D. for every 800 people. 
Thus, on the bajsis of the Swedish standard, the U. S. has a surplus of 
75,000 physicians. Actually Sweden recognizes it has a shortage of 
doctors, and the current .edut:^ional program is designed to bring the 
ratio to 1 doctor per SOQ^'^Wple by 1980 — or somewhat better than the 

current U.S. situation. 

Another measure of the adequacy o5 the supply of doctors is the 
'average number of visits to a physician per year by the citizens. In 
St^eden, this is le;ss than three visits per year; in the U.S. about five 
Visits^per per^Sa per year. 

These data would seem to indicate that there is no critical shortage 
of doctors in this country, although an apparent shortage may be created 
by our tendency to use physicians too much. These figures worry some 
medical educators who foresee the possibility of an actual over-supply 
of physicians in another decade as a consequence of the current expansion 
of medical schools. • ^ 

(b) "The geographical^ allocation of physician resources is inadequate 
While we may have enough physicians to care for our population, they are 

1. ^%'hat constitutes a "visit" has to be defined here, particularly when 
the patient is hospitalized, but the data for the two countries seem to 
be comparable measures. Tne number scec-.s high, but it 'includes numerous 
visits by chronically ill patients. 

4 



improperly located,' with certain segnents of the population very well 
cared for and other segrcents badly neglected. 

gpn the UnitedJp.ngdom, a physician is forbidden to set up practice 
in a geographical area which is already adequately served, and special 
^centives are given him to locate in rural areas where there are acute 
shortages of doctors. In the Soviet system, both compulsion and financial 
incentives are used in an attempt, to ensure a reasonably equitable geo- 
graphical distribution of doctors. In the United States, we historically 
have assumed that npnnal economic laws will work; it is only in the last 
few years that the federal government ha^' developed plans to assist 
students through medical school, for example, if they agree' to practice 
in ar^as short of physicians. * 

Throughout the United States, there are 134 counties (total popula- 
tion of about 1/2 million) which have noXj^hy^aclans . There are many more 
counties where the ratio of population to doxiors is far above jthe 615 
national average, and often where the only practicing physicians are 
approfl|cliing retirement. 

(c) "TIio professional allocation of physician resources is 

inappropriate,"- . 

The argument is that there are too few general practitioners, too many 

surgeons (as one example of a medical spe^ciialty which is over-populated). 

Medical students tend to drift steadily toWrd research or specialization 

as they move through the years of medical school. They are undoubtedly 

attracted by the excitement .of work at the frontiers of medical knowledge, 

as well as by higher salaries and prestige. 

The situation in surgery seems particularly serious. The most comnon 
operation in the United States is still the tonsillectomy, in spite of 
the fact that studies indicate the great majority of such operations ^ 
are probably unnecessary. (In West Germany, the appefidectoray is the most 
common for some unexplained reason; possibly fhis is an unstable system 
ifi which students are taught to perform operations their teachers favor). 

The National Bureau of Economic Research made a small study to 
investi^te the work load of surgeons. In one city, they Studied' the 
yearlong records of the 17 surgeons. In order to find a common measure 
of work, they classified each operation in terms of HE's — hernia 



equivalents, fcased on comparison with a simple, unilateral hernia opera- 
tion). Various types of surgery ranged frora 0.2 HE to 12 HE*s, with the 
evaluatioh including pre- 'and post-operative care. The past yeat's work 
for each surgeon was then evaluated, and each doctor's work load was 
measured in HE*s per week* 

In-depth interviews with surgeons established that a normal, full 
work load would be 10 HE*s per week. In other words, surgeons themselves, 
estimated that a, reas-onably busy colleague could handle this mucli work 
while providing excellent patient care and attending to all aniAllary 
aspects of his profession^ 

The startling result of this study of one city was that ooly one 
of the 17 -surgeons exceeded the normal work load; hef averaged iVs HE's 
per week, bne other surgeon worked just under the normal rat©* The 
others were far below, so far that the average work load was only 3 HE's 
per week. Surgeons were working at only 30% of normal capacity. 

Obviously a study of one city is' not necessarily indicative for the 
nation, but the report of this research reflects a sentiment often 
expressed In discussions of the state of health care in this country. 
Since the federal government supports medical education so heavily, there 
is currently consideration of the possibility of using the force of that 
financial, support to urge medical schools to discourage those specializa- 
tions in which there seems^^^to^^ a surplus of professionals. 

(d) "The health care of the non-xv?hite population is inadequate." 
The mal-iillocations of physicians seem parCicularly to lirait health care 
for- the non-white of 'the -population, in bo'th rural and central-city 
areas., In one section of • the Bronx in Kew York City, for example, 25 
years ago there x^are 25,00fl residents (mostly inuaigrant families) with 
-only 10 practicing doctors (a poor ratio of 2,500 people/doctor). Today 
the population is primarily Black and Puerto Rican, numbets 50,000 and 
is se^ed by twa doctors — a ratio of 25,000/1. " Nationally, estimates 
have been made tlat 30,00g,000 people have access to medical care only 
in emergency onracute situations. 

Part of this difficulty ari^s from the fact that only about 2% of 
the physi^^ns in this country are Black, compared to 11.4% of the 
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1^ ' i ■ f^pwlat^on. Medicine is aa unusually sucQessful profession in attracting 
nSi^it/ stifdents , with a 10| figure now realized. In spite of this 
i' \na'dB|^ effort, the total percentage of minority professionals will 
I gros^^ly vAry. slowly in the future just because of the low starting 

■^int. / ■ ^ . I . • . » 

* A mbre poignant indicator of the "problem of health care for minority 

groups is provided by the life expectancy data of Table 1 atfd the data on 
infant mortality. In the latter case, the average for the non-white 
population is nearly twice that for the total. In terms of the mortality 
rate of women in childbirth, the U.S. ranks below 100 other iTations, and 
' the non-white- mother has a rate four times greater than the white. 

While the total explanation of the high infant mortality among non- 
whites is not^clear, it does seem apparent that a major element of the 

^^^^ ^ 

problem is that sizeable portions of this plopulation are effectively 
separated f roni -tH^ hellth care system. Jus t'th tee years ago in York 
City, as an example, about 40% of the women delivering babies had not 
seen a-'^ctor during pregnancy. Presumably most of these women knew 
they were expecting; they did not enter the health care system until it 
was a ifecessity. ^ .'. ' • 

Why are these people "separated from the health 'care system?" Again 
there seem to-be ?ieve if al social problems. Many people can not afford the ^ 
needed medical caife^and goveriunental programs are inadequate to cover 
costs; they don't kn<iw how to obtain free health care; they may not know 

■ i — . ■/ y 

1. This situation is a major reason why infant mortality is worse in the 

District of Columbia than in any qf the 50 states, even though D.C. 
has the, most physi4ians per population. 



how to use the city transportation system to reach medical care; they 
may have a deep fear of the health sy^||i; and, finally, they may not 
realll&e the need for medical care* 

In this section, we have looked at four explanations for the apparently 
V^f^ performance of the U.S. health delivery system. Three of these seea 
to be valid s ^ 

(1) The poor geagraphical" allocation or distribution of the supply 

of doctors, ' 

(2) The inappropriate* professional allocatlxDn of physicians* 

(3) The separation of major segments of the population fronf the 
# ■ * ■ \ 

health care sy^st^* 

In addition to these obvious causes, there are other broad reasons. For 

V 

example, the population of the United States is a mixture of races; as a , 
result, childbirth (for example) often presents severe medical problems 
becaxise of the physical differences between mother and father. 

■J 

5. Jfale Health * , , ^ 

One startling aspect of the life-expectancy data shown previously 
is the relatively poor situation for males in the ynited States. Figure 
3-4 indicates that the present life expectancy of^ infant girls is seven 

0 

'-years greater, ^K&i for boys. In contrast, in many of the comparable 

\ » ^ " ■ . - 

nations, the female has only a small advantage over the male. 

The disadvantaged status of malps is a relatively recent phenomenon 

in, this country as shown in Fig. 3-7. in 191^1, the faale/female ratio 

Varied he tweed ,1/0 and 1.2 with'age, and there was Relatively little 

■ ■ ■ . ■'" i . - \ 

■ • ■ J.- ■■ . ' ^- . ■ . . # 
difiference between the two life expectancies, 

•••I'-'.. ■ . '.^ • ' ' • ■ ■ ^ 
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Comparison with a country as similar to the U.S. as the United Kingdom 
demonstrates that the high male, dying rate is an American phenomenon. 
Between the ages of 20 and 55, the male in the United States has a mudi 
larger probability of dying than in the United Kingdom, although after - 

ft ^ ' \. 

r ■ X ' 

60''>both males and females arc much, less likely to die than in the UK 
(one deduces that he should lyjve around the world at each age to find 
the %est" place t04|llve). ^ . 

' There are many reasons for this poor situation of males* Accidents, 
suicides, and homicides account for i large frac'tion of the 6xtra male 
deaths. This fact is portrayed by a comparison of "Figs. 3-7 and 3-85 

4 

in the latter case, the rates are shown after the deaths due to accidents, 
'suicides, and homicides have beea suBtrActed. The obvious change is the 
disappearance of the. large pe^U at age 20 — a peak therefore primarily 
the result of these external causes of death. Actually, the deaths from 
external causis should be increased by*at least 10%, since some deaths 
are listed officially under other .causes even though accidents m^ay be 
the origin of the problem. In this case, the male peak about age 20 
disappears all together. 

Cigarette smoking^ is approximately twice ps common among males as 
females (about half the adult males smoke). IsTiile the relation betX|?een 
smbking arid earlier death is not clear, the best estimate of the effects 
. of smoking is shown by the dashed line of Fig. 3-8. This curve indicates 
that the ratio^ tnale/feoale dying rates, still peaks around age 60 after 
accidents, honiicid^s, suicides, and smoking arc removed. 

What other factors might account for the relatively poor life. 
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Fig, 3-8 Fraction of men dying compared to women ^ter ^accidents, 
homicides, and suicidds removed • 1967 modified curve 
also removes effects of cigarette smoking 



expectancy of U.S. males? While the answer' is not known^ the following 
explanations have been proposed • . 

(1) Males are exposed to more unfavorable environments, particularly 

i 

during working hours. Serious air pollution and high noise levels, for 
example, seem to be related to respiratory and cardiovascular problems, 
respectively. 

(2) The stresses of working life may be harmful to health. 

(3) - Alcohol-related problems are discussed in detail in Chapter 4. 
Of the 60,000 alcohol-caused deaths, in 1967, 42,3C|0 were male. 

(4) Coffee has- been linked to cancer of the gladder and, in. recent 
studies, to "heart" or cardibvascular-' deaths. 

(5) Perhaps IOjOOO deaths per year are directly related to illicit 



\ 



ERIC 



SI 



74 , . 

drugs; many t& these show up In the category of afceidBiTs^, suicides, 

and^iomicides • ^ ' / ^ 

Thus, a variety of factors particularly characteristic of the 
American way of life se^ to combing to .cause the poor life^ expectancy 
of U.S. males. As Fig. 3-4 shows, female life expectancy in*the U.S. 
is close to the best ir^ the world, while data for males places the U.S. 

far down in an or'dering* of nations. Fig'; 3r7 displays dramatically the • 

/ • ■ ■ »■ 

relattively poor status o^males ; Fig. 3-8 is an attempt to determine a 

.few {f tte causes for the deterioration since the beginning of this 
century. 

6. Central-City Health^ Problems . « 

V — . * ■ : — ' w. 

' The Un4jbed States frequently neglects)^ or at best under-enphasizes 

the health %)blems particularly important in the central city. We hear 

the complaint that drug addiction has only become a d^iep national concern 

since the "epidemic" has spread^ to the suburbs. ' * . 

1 

• In. the early 1970's, lead, poisoning among central-city children 

has be^ well publicijted. Lead poisoning* is particularly dangerous 

■ because of the cumulative effect over the years; once deposited in the 

body, the lei^ is not normally removed. 'Excessive lead poisoning affects 

the liver, kidney, brail, and central^ervous system. Children exhibit 

mental retardation and convulsions, coma, paralysis, blindness, and death, 

1971 estimates are that 400,000 children are seriously poisoned each 

year, -30, 000. in New York City alone. . Of these, 200 die, 800 become blfeid, 
. . . ^ i ' 

and 3200 suffer permanent; brain damage. Six percent of Chicago children 
\. ^ ■ 

1. Lead poisoning was the principal theme of the June, 1971 issue of 
. Environment magazine (Vol. 13, No. 5). 
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II .Ipw-incoae areas have been fbund to suffer, from lead poisoning; St, 
touis has' 3600 children being treated.. Health professionals have deduced 



^ Louis has' 3600 chil-*,^.. ^^^^t» r w 

that lead' poisoning, even at a low level, may be a major ^ctor in the 




lack of achievement of many central-city c^fildren. . • 

■ <^ '■ ■ \ ' ■ 

' What is the' source of the. lead? For children there are tr^o major 

• ' ■ •■ . ' ' : y ' \ 

tes, paiiit anS gasolene, with only the latter prioarily affecting , . 

V adults . . ' - . 

. • • . . . . . --^ 

. ^ aint ' * ' ' . ' - • 

• * \ ' . 

^ • , Most" of the paint used, before 1950 was lead-based. ' In the apartment ' - 

■ • • ' « ' 

"houses and. buildings where this p^irA is now peeling off, it serves as. • 

' * J 

• an dttractive"candy" withva taste li^e lemon dT*ops. VJhile eating lead 
» . * • . ■ ' • 

: is Hot an effective way to increa^ ,body levels .(since almost all is - 

• ' •• ■ ■ ^ 

'excreted from tHfe body) ,"Kjhen this input is combined with that tjiken in ' 

' ,. • ■ • 

, through the I'un^s, high levels can be achieved in even vfery young ©hildren. ^ 

. «• ' . ■ • • 

This seems like an easy prob*lem. to solve — all we need to do is rep&int 

' ■ . «^ " ■ • ' • . 

> all b^ll^iag interiors Qand' accessible exteriors) which have not been . - 

" ' painted since ' 1930' (or better, which show lead-based .paint). .On December. 

^ ' ' ' • ' ' • ' ■' , ' ' [" ' 

31, 1970, Congress passed the Ryan^-Kennedy Bill authorizing thirty ' ^ ^ 

ndliion dollars for this .1 ur^Jose ; the bill wal signed on January lA, ,1971.; -, /. ■ 
' ■ •• " - '' ' ' '\ 

k *"® • .'^ 

In the ensuing* 'moivths', very little. bars happened. IJhy? \ ■ .. ^■ 

t 1. it has recently been 'discovft red that tlie paint on- thir coirnion pencil - 
qften containa enough* le£^ to present a serious health hazard for the • 
•child who liices to chew the pencil. Th^' Pencil Hakct Associa."^ion , rapre- | 
. sen ting the conpaniei "riaking • ' *" * ' 

,-progran To test each brgqjnizalion *s paifit cvc'ry year, in an att^eu^t to 



re-move the problem before an^ serious effects are found. 
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To^^derstand the inaction, we ipust recognize that- there are two 

^^ ypes of bills Congress must pass to ensure a new federal program. First 

j^lcomes an autho^zation* bill > pcraiitting the government to spends (in this 

case, 30 million dollars) for a particular program^ Even after this bill 

X\ is signed and becomes law,", ho money can be spent.* Next must comci eta 

a ppropriatj^on bill, actually giving the money to the agency or department 

whic^ i% to carry out the program. Only when this bill is also signed 
■ ' • • • 

can the government actually start the program.-. In the 'lead-pairit program'^ 
oaly a <;ouple million dollars were actually appropriatedi * . 

. This two-bil^ system can serve as somewhat of a means to delude the 

r . - * . t ^ 

public* A meipber of Cohg^'es^ can vote fot* a very "large authorization,/ 

V V \ - ' , ' . . . " 

then vote against any approprilPtion. 'He is then ^ record' as favoring 

* tihe pr<)grain strongly, QVTjn though he did vote agains-t spending an^ money 

(presumably he can argue ttfat he is then* fiscally responsibLS and anxidiis 

to keep t^ixes low). V ' 

•a Furthermore^* before a program actuTally starts, the--EK<5cutive Office 
' ^> 

Cthe* President and his powerful Office of Management and j^udgeC, 0MB) 
must agree^ CO freeing the money. In raxre cases, Congress ' passes an 
, appropriation 'for a Department * or .agency with the stipulation in the law^ 

that a certain amount of money ^'ust be spent on q particular program, 
^ut usu^illy thd' President and his, staff are given frfiedom Co spend Vithin 
tjie liait of the appropriation. * \ 

Thus, 4n the lead-ppint* giogram, Congfcas- autJ)orized thtx'Xy millidn, 
*fc,|\en appropriated far less. The Executive' then decided to postpone 
. entireW the start "of the program until the next fiscal year. Through 
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this combination of Executive-Legislative interplay, there was no federal 
action for two years. ^ 

Even if the federal program had been fully carried out, it was dis- 
covered in the suraaer of 1971 that the results might not have been total 
success. The New York City Bureau of LeadS'od^oning Control, mbtlvated 
by the lead-poisoni^ death of a leopard at Staten" Island Zoct deciddd 
to test commercially available [xaint (after>a three-yearVpause during 
which n'o testing, had been dofie, ^ becaJse iu 1968 all paintd -tested were 
found to have less than''th6 Ic^l limit of lS>.lead). It was found that 
10% of the paints tested had^e:xcessive l?kd content / with some ' ranging* 
as high as 10.8% (similar to the l.cvel. found in th6 pre-1950 paints). 
This situation fen^Jhasizes the necessity of continual monitoring of products 



if federal programs* are to be effective. 
Gasoline 

T ' - V ' • 

The major source of lead poisoning for, most of the urban population 
comes from tha air.. One' third of the typical, u^an adult's body lead , 
comes from breathing city air, one third 'i^mSa ting city food exposed- 

. - . J : ^ 

• to city air, and the filial third from the fpOd^itseU. The^average 
American^ now has 1/4 of tha le^d level correspond^g to poisoning, and . 
tha average city dweller possibly- twice as much. By far the ' larg'es-^ \ 
contributor to the lead in city air' is' the tetraethyl lead used in auto 
gasoline since '1923; Autos discharge . 300 million pounds of lead Into, the 
air each year in tl^e United State^. Unfortunately, .almost half of the 

•1. Tlio process of federal imp'lementation is 'described in more detaij. in ^. 
the appendix of this chapter. * 
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lead entering the lungs is retained in the body. . . ^ 
As a result of these facts, emphasis has been placed by environment- 
alists on encouraging posftively the use of unleaded gasoline in cars. 
New cars are being built by all manufacturers to operate properly on 
unSfeded gas, but tlie proposal to tax leaded- gasoline to raise the price 
to that of unleaded gas has not been passed by the Congress, l-^ile publiqity 
emp^iasized the dangers of this pollution of the air environment, it apparently 
-was the opinion of the Congress that the pub'lic was not yet prepared to gay 
the extra cost associated with the removal of, the problca. 

Other urban problems , - 

Load poisoning is simply one example of those health problems^ which 
arc particularly important in the cities, even *ho ugh they are actually ^ 
lyitional problems. Other examples are sickle cell anemia (affecting 
primarily the Black populji^on) , drug addiction (which only a few years 
ago was primarily an urban problem,' but now represents a. nationwide epidemic), 
alcoholism, and venereal fliscase. 

f , ■ 

In the last category, Fig. 3^9 showa the history of. reported cases of 
. gonorrhea and syphlll-s in New York City. (Again, New Yorfe City is used as ^ 
an appropriate example; the present urban growth rate will lead to, 12 
cities the size of New York today by the year 2000, so New York provides ^ 
an Indication of the pro'bleras of the €uture). The graph shows the sharp 
decredse In the decade after World War II resulting from the availability 
of pcuicillin.and tlie strong publicity^'^mpaign to educate the public. 

« By 1955-^\senc/eal- disease seemed to be pretty well'under control. As 

« . . « 4 ■ - 

so often happens, public interest then diminished and public health 

i. , ' 

measures we?r«ilfelaxcd. Since then| there has been a nearly steady rise., 
f 

♦ ' -a 

I 
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tig. 3-9 increase in gonorrhea and syphilis . 
in New York 'City 

until,' in 197a, there were 37,000 ffcported cale^ of gonorrhea and 4,000 
of syphilis in New York City. Estinates are that at -icast , three times . 
this many people actually have the dilfeas.es; even though detection is 
simple and, if the trouble Is caught early, cure Is also a simple matter. 

7. Nutrition . • \ . \ 

In- any study of the health of a natlgn or a large group of people, 
we -always tnust-wonder to tAat extent the nutritional standards and 
customs are a factor.''' Certainly a comparison of the U.S.- and Japan, fof 
example, must take i>Cfl-smStint, the differqnbes in genejal eatiitg habits 

1: Jean Mayer, Toward a National Nutrition Policy, 5£tcn<^ April 21, 
19.72, Voi. 176, No. ^32 . pp.' 237-241. this is an ixceljlt picture 
of the current status of the U. S . ^ufrition problem. PHHissor Mayer, 
•of Harvard' University School of Public Heal th,>^»«s been a leader in . 
bringing this .problem to th^ attention of both government and^ the public. 
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in the two colintlrles. ' 

The evaluation of nutritional effects on health is a difficult 
field because en the^ck of scientific knowledge, resulting in part 
from the difficulty of ^rformlng significant^ experiments on people. 
For example,^ when worldwide starvation is discussed, we often hear that 
the real problem in India is the\lack of protein in the diet. 'A basic 
question is; what is the daily protein requirement of an average person 

(protein provides the amino acrMs^^eded for growth and for maintaining 

- ' • * 

body tissues)? Even such a fundamental question has not been answered 
sciqntif ically. 

The first widely accepted standard for protein needs was published 
about a hundred years ago by Prof. Lyon Play^ai^ of the ynivcrsity of 
Edinburgh. Merely by observlj^g^-fffciK^ct given S^^elfare patients at 
his hospital, he decidedthat two ounces per <iay v^e^e approprial 

This was the accepted standard until abopt lOOO^^l^rT^a Gcrmi 

nutritionist examined the diet of the average working inhia in his j&untry 

and found it contained four ounces.^ "^Since the, German worle^sl^eemed 

healthy, he concluded thi§ was the desirable level. Later, a plato<^n. 

of U.S. soldiers was given. -a diet low in protein (around one ounce); 

they seemed to be healthy, so the required level was lowered. 

Thus, even today we do not know how much protein is required to 
T ' 

keep a man healthy. Ihe difficulty of nutritional requirements has been 
empha^zcd in the space program, where it will be important to know the 
needs dmring periods as long as six months. The problens are compounded 
not only Ijy the difficulty of doing Controlled experiments, but also bjr 
the variation in needs froii individual to individual. This variation: 
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^ was demonstrated in Che Sritish program ito eliminate rickets by convincing 

mothers to give their diildren vitam-u[j3. Once the program* was successful, 
Ht wds found that an alanaing numbe^ of children were experiencing serious ^ 
^ kidney damage because ^^''^oo~much iitamin D. Even though some kidney 
problems were the result of a motherJs over-zealous use of the vitamin 
•.supplement ('Tf a little lait is good, more must be even better"), studies ^ 
did show that* the desirable dosage had to be deljermined for the individj^l 

1^ child. • . . . . 

In recent years,- experiments on aninals have suggested that nutrition 

during the pre-natal period and the first two years of life determines 

the ultimate brain development (sjjecif ically the Aumber of brain cells) — 

as.x^ell as other physical features., such as the tdndericy to obesity, the 

cholesterol level the body considers normal, arid so on. 

The signifioance o|' such scientific understanding is not clear. One 

physician friend or^ gp -ayoior has estimated that as many as 1/4 or 1/3 

'\ of the central-city, expectant w2»men he expiines are mdl-nourished ^o the' 

point of significant effotets on the child. Are significant numbers of . 

children limited pl^siologically by the age of t^wo in the mental and 

>t . • ' ' ' . ^ 

phystVal levels they caii hope to reach in^ later lifie? 
. \ ' "" -^ ' * ' - • _ ' ■ 

There are three interesting side issues If we accept the hypothesis . 4 
that inadequate nutrition (whatever that may mean) up io age two results " 
in a significant limitation of brain development. First, docs this mean • 
that a certain fraction of the population can not be expected to achieve, 
normally in sdiool? If so, should 'the educational system recognize this 
f^ct and design special programs for this group? 

Second, the arguments over breast-versus-bottle. feeding of , infants ^ 
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have often emphasized the psychological effects on the baby and the 
S?o.lua^ adequacy of the mother's nilk supply. Perhaps a much more important 
factor is the nutritional consideration: how can the baby receive th^ diet 
which is best nutritionally? Obviously the question can not be ans\<rered 

m 

until scientists can detemine in detail what actually constitutes a di.et - 
of high quality. 

Third, the pre-natal nutritional process becomes very inportant. • ^ 

• ■ 

Not too long ago, an obstetrician urged his pregnant patient to make 
great ef forts to restrict severely her weight gain 'during pregnancy -c- 
often to as little as the weight of th? child. Perhaps more sensible, - 
guidance will be based upon an understanding of the way the fetus is • 
nourished as it depends on the motsijer's' diet, 

'- • - V ■ . ' • " " 

Questions such as these point out dramatically the far-reaching 
Implications of new scientific knowledge in an area such as nutrition. 
Even if we focus on 'adults'j the United States, in spite of its 
" wealth, has aXsignifican^t firactihn of the eopulation for which there 
seem to ba scrftous^utritional problems. The- first majbt stujy.of 
national nutrition^n^ made in. the 1930's, when it.w'as found that 1/3 
of the people were Ufalnourished, a large fraction partly because of the 
Depression. This survey led directly to such steps as the school. lunch 
program and the •enrichment of white bread with B vitamins. ^ 

Subsequent studies in .1^2, 1948, and 1955 showed an inproving 
situation because 'of J)Otfi economic changes and mofbveffecCive educational 
programs. Tlie 1965-6 survey, hpwever, brought certain adverse chaagcg 
.primarily resultfing from the increased consup/t ion of saturated fats, 
saljp, and sugar, and «U development of food fads and a wide variety of 
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books urging odd dlecs* ♦ 

>|Sy the time of the 1969 White House Conference on Food, Nutrition, 

and Health, the* wealth of the country >ad increased to the, point where . 

* - "■ ' ^ * ' ' '■ • ■ ' ■ ' ' 
only 16% of our spendable Income wa^ devoted to food (in co^itra^t to 30% 

in western Europe and 50% in the USSR). Yet about 25,000,000 Jtoericaa$ 

had an income too low to permit a reasonable- diet. Furthermore many 

people consume in great quantities those foods which have a. very low ^ 

nutritional valued such as candy, soft drinHS*, and crisp-fried snacks. ■ 

National attempts to improve the ni^tritional picture have concentrated 

(^thi^^l.;/.^ . ■ • . . . ■, ■ 

. (li School lunch program (now covering 8 million poor children) 

- • • . * 

(2) Food stamp program (over 10 million recipients) ^ ' 

(3) Family ^f cod assistance, involving food distributi^l^ovet 3 

million people) ^ 
Uti addition, the imite House Conference urged expanded programs, of' P^^.f^- 

'■ ' ■ ' » - ■ ., ✓ ■ / . 

Bducatlpn, Improved labelling.and grading, intensified research paKtlcu- 

larly on the effects of additives,' and federal prods to inoreaSe/food , 

... , ^ ■ • ■ . - 'I 

enrichment and fortificati^g^. ^ ' • , 

* In the general problem of nutritl6n, as in all- of the areas discussed 
in this, book, the ultimate question is one of priorities. Within a ^ 
limited total budget, most .of which is specified from the outset fo- 

^on-going programs, the legislative .and executive branches of govemmei 

must select those problems which seem most urgent and in which progress 
^ appears likely. For example, the Food an^ Drug *Adnilnistratiort, with 
its responsibility to monitor and control* the food processlag industry, 

' must compefl with other governmental agencies and programs for available 

■ ■ • f * . ■ . ■ 



'^unds; once the~i^dgct Is established, FDA necessarily has to restrict 
its efforts to the laost pr,esising areas. While no one would argue witb 
the impolrtance of adequate noujrishment for every person, there axe 
always th^questions of what ptograms can be sacrif|.ced to achieve success 
here, and, even if mciney is made available, how, can a successful plan be 
designed and iftple.ment:ed* * ' ;V 

The difficult role of the FDA -is illustrated by the recent j[iistory 
of thef DES additive.^ DjiS (diefchylstiibestroD ^s a synthetic female sex 
hormone which in thS 1950*s ysas known to cause the gitoyth of female 
breasts on a maJal and intthWlast year • to have led to vaginal cai^^cer in 
young >«»^en t*ho had been exposeia to it as fetuses. DES is a laidwn car- 
cinogen* which has been «\ised for somiryiafs "to .fiaisfefen the^attoifiisftg»'0f • , 

. ' ' ' ' ' '. ' ■ " . _ ', ' . ■ " • . 

cattle.-,".V" ■ ■ ■ ' , • >■ 

' Beu6/^use pj >t:he difficulty of measuring- DES residues in beef and 
imccrtalnty as to vhether there is a\safd Xev^l below whicih no harmful 

^ / ' , ■ ■ ■ ■ . " ■ ■ ' ^ ; ■ ^ , "'. 

-ef^ects^esuU, the FDA has allowed the use;.aa> cattle feed additive. 
Fdr many ye^rs, -the DES was forbidden ^during ^he tvo days before slaughter; 
' thl^ withdtawai period was then lengthened' to seven days* A5 .'^^s beginning 



of 1973, UES Was f InallWbanned altogCt?^r in the feed, bUt ^till permitted 
as a pellet placed in the .animal's; ear. * . 



The conflict arises bepa^se the additive represents a paving of 

. ■ ' ■ ' ■ ■ ■ * . . ' ■ - ■ * , ■»■■'■.,''' ' ' ' 

about- $90 million annually for cattie-^raisers. The argicnent is based 

scientifically ^/?a the question of whether there ife a threshold, level below 



1. Science pagazinei July 28, '^972 <335-337); August 11. 1972 (503); 
Auguse\i8, 1972 (5^8-591) ; ,^ • * ; 



" 

DES does no harm to human beings. Since this threshold is not 
known (or may not even exist), the opponents of DES argue that the chem- 
ical should be banned totally, even if the result is a rise in the coat ^ 
of beef to the consumer. ♦ , - . 

"8. !lanas^nt of Health Delivery " - . . 

in the'^recedins sections, we have looked at the U.S. health picture , 
li an attWpt to begin to understand some pf the reasons- for the relatively 
poor situation in this country. From this very brief,. limited study, 
it seemT^rent that a significant fraction <^^:||^bp^^ 
have adequatK<^es9 to the health care system.; Furthermore, there is 
tod often no con^^^?h<4^atlonar'p||g^^ ' ^ 

While as a nation we sp6n^ large ^nt^ of money on health, there is 
^relatively little centralized, logical - planning, of the "campaign" against"; 
d>eas0, timlnutivition, and p>>yr?c^l disability. . 

Ihere are Lo ways in vhlch this absence of, logidal pla^^nlng Is 
appare^it. > One is iii hospital x^e. , If one e^amln?s the hospitals ^^^^ 
this ^^atr^. he finds a wide range -of crpwdedness -^^ in some locations, 
.patients . have to Wt for months for .admission ^or routine treatment; in 
* 'other areas, hospitals are not filled. . 

In, the crowded hospitals, there^are^^panf :rcasohs foi* the overload, 
lii same tases. patients are kept for -extWly. l^ng" periods of time 
. . (sometime^^ because the doctor Vecognizes that the, patient 's home .environ- 
ment is apt to .Harm recovery). Hospital management is often, leTss than 

>ere is often little coprdination and planning among hospit^^^^^ 
a region; it ia-not unusual tp find a half-dozen ho^^itals inrone ciTy - 
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equipped to do^o^en-heart 



surgery even though some of the© may do less 



than oae operation per week. 



In quite a different the effect of the lack of national 

plaimTng appears* All too often, we as a nation seem to be unable to 
select national priorities and then pursue these ^ola successful conclusion. 

For instance, bjv 1971 artificial kidiiey-'tfiacfhines have become standard 

/ . • .. ■ * " ' . ■ ■ * 

for treatment of patients in whom the kidneys do not function properly. 

In many cases, regular use "of the .kidney machine to "cleanse" the blood 

permits the patient's kidneys to recoveV, although treatment often lasts 

ror years. . j 

While there are attempts to develop a pox;table artificial kidney 
which the patient can^use at home, almost all treatment is now done in 
Valiospital where the machine is s>^«#d by a number of^ patients , The cost 
per patient runs on the order of $20,000 per year, so the treatment is . 
Rardly trivial. Unfortunately, the^national supply of the machines is 
severely limited; and estimates have been made that 30,000 people/year* 
die because they are unable to obtain use of a machine. Many of these 
people are in their productive years, 

A national program lo purchase and operate machines for this group 
would cost perhaps n2O-*0a0^00p per year — certainly ^Htsfln insignificant 
amount, but ^till sm^ll compared tp the total health expenditures, .t^hy . 
has such a program not been adopted by 1973 (although one was approved 
in the closing days o^ the Congressional session in -1972)? _ ^ 

^Bart of the difficulty certainly' comes from the way national priori- 

'i^ ■ 

ties are established. A national program can be launched by the President 
' • • • 

» ' ■ * ' • 

" (as Kennedy 's-deeision to land men on the mo6n within a decade), but he 
. . . ^ I 

d * Of 



must solicit public support to ensure the appropriations by Congress. 
One way to^^ip popular and political approval is to assemble a group of 
health and medical experts and hope th4y will endorse the program enthys- 

iastically. . 

Unfortunately, when a group of health authorities ' is assembled and . 
they are asked what the nation should do if an additional $120,000,000 
a year were available for health, there is rarely any agreement. The • 
heart specialist emphasizes that his coucem Is our greatest ^killer : 
the cancer specialist that- his .area is the major public fear ; the preven- 
tive medicine expert is concerned with the overall health benefrfcs from 

an urban progr'aiii: and the ophthalmologist points out that as a nation • 

■ / • ' \' ' " 

have done very litfle to make life more productive and .p lb as ant for tlje 

% . * 

two million blinll citizens. * ' 

TheNre^lt all too oi^iTis a small amount of support; for each of 
many different programs ~ with none of them' pushed hard enough to yield 

/ * . ' > * • • 

significant results. 

* 9. Conclusion * ' , . ' • 

In the health field, medical knowledge and technology arc now at 
>the stage wtere major progress can be made if this nation develops a 
' "Logical plart which encompasses education of the public on both health 
and political issues, forceful programs aimed at^ specific problems, and 
intelligent management of major elements/of the. health delivery system. " 
Furthermore, in spite of the/ statistical measures showing the l/.S. 
. ^o be lagging certain other adnanped ciun tries, there are other data 
which ail an impressive testimonial to American achievement. For Example, 



88 



in the United Kingdom, in spite^f so.cialized medicine, dental cara ia^ 

depdorable: 30% of the Englishmen over the age of 30 have none of their 

own t;ecth. In many Aspects of health, the 4frS. offers unparalleled care; 

the only real probleins are modifying the system so that a larger propoo:- 

*■ . . " ' • ' . 

tion of the population has access to' this care, and responding to the 

* • 

^ • • ■ . ., ■ • 

changes tti health services needed by the population. 

' /•• V ■• • 

In this latter category, the situation is fiarticularly critical with 
respect to one facet of t'he health problem whicJvJias not been mentioned 
in thi§ chapter — the senior c*t*zen. Tlie population over age 65 is 
' increasing rapidly^ measured a/ a total or as a percentage of J:hc total -. 
(Fig. 3-10)'. tfore than 3/4 of these J^ople suiEfer from chronic disease", 
^d the group places very heavy demands' on the system for both physical 
arid mental healtM services. 
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Fig. 3-10 'U»S. populgtioi^ over age 65. (In under-developed 
countries the percentage is 3-4; in '1963 in France 
* * « it vas 12% because of jjidely varying* age dlstribu- 
* *• tions .resulting f ron .two world wars). * 
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APPE^^)IX 3-1 " . 

• * t • ♦ • FEDERAL -^^JPLEMtoTATtOH , 

Even after' a national policjf ha3 bee* agreed upon, putting that ^ . 

policy into, practice may no.t be a simple taWer. A p^ram is tioC . ' 

■ , ' ■ ■ \ ■ - * 

effective 'unless it is provided with money which in tiirtt is actually; 

* spent. Tlie redfent history of the federal gov)irnment frequently, shows ^ 

,^ ' ■ • \ . ' ' * 

, publicized and attractive programs in which enough funds ju^t .have not - , ; 

been spent to give the Effort any reasonable ch^ce ,of success.. v , 

• > The spending of money on a particular prograrii is nomial^^ -jj^e ceded 
.by a long scries of steps spanning a cotiple of yeatW A brief •^csGciption^ 

: 'of 'these steps indicate's the variQus ways in which tk best intentions" can' 
be thwarted and, also ?ome.of 'the techniques by which tW voting public can* 

bd misled. * : 

j^lil order to simplify the discussion, we will dr.eam up a particular 
. pr^am the provision .of. free hearing ^aids- and tape.-redorcied dajl^r news- 
• -papeirs for citizens who are hard of heating^ The program is called Scnsary 
Orthotics^ and Newspapers -for the Dea^ and Hs Jcnpwn by the acronym SOND 
(pronounced "sound") It is administered byHSiniA (IleaUh Services and' 
Menta^l Health Administration) of hW (£hi Department of Health*,, Education, ; 

* 4 

and Welfare). Money is divided between* furnishing raatetials fco deaf 
people and research on new hearing ai?s and other' Innovations to assist 
. the h'ard-of -hearing. ^ . '' 

' 'l. Orthotics are-ddvice4 &p supplement the human system, while prosthetics 

replace human parts; An artificial leg is prosthetic device, a hearing 

• aid or eyeglasses is an orthotic dfevicc?'.!^ 

, V ■ . .. ' 
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t^sh to trace the steps through which dollars are made available 

and actually spent uijder "^OND. focxxs *on the ^ear from' July 1, 1973 

througl^ June 30, 1974. The federal fiscal year starts July.l; t'he year 

epding June 30, 1974 is .called Fisdal Year 1974, -or ar*74. 

(1) Spring 1972 . The men running SOXD prepare their estimate of the 

dollar needs for^FY'74. The program is reviewed and plans -are made for 

two 'ye^^^s .into the future. , The outsijie advisory committee, composed of 

, ^ • ^ . • . ^ ■ • ^ 

experts' cm educatidiyAnd device? for the deaf, wSHs ^ith SOND personnel 

. and has a series of meetings to advise on desirablq programs. The SOND 
^ 

' ■, personnel and tho'if^Jjosses in HEW meet with staff members of both. OST and ^ 
Om in the W\ft:e House to iionsider^ the relative importance of SOND compared 

* td oiher governtnent^l programs. ^ ^ 

^ 'These two agencies, OST and 0MB (the Of^fi(?e of Science and Technology, 

and the Office of Ilanagcment and Budget), are part of the large staff of 
^viSors of the President. Tlie OST,- directed by the President's Sciente- 
Advisor, is the principal source of information on scientif ic^and technolf 
ogical matters. The OST staff consists- of about 30 scientists anS engineers, 

* each responsible for the total goVerSracntal program in one specific area. 
^ ' The s^aff is adv^sed by PSAC, the Presideik's Science Advisory Committee. 

- ; ' • ■ ' ; 

QMB, is one of the most influefttial groups' in the 'executivfe bramch ' , 
of tKc government, as. we shall see in the following paragraphs. , In broad 
t<irffls, 0MB is responsible f*r the fiscal- operation of the government. 

< ' ' , * • * ' / 

, • * . t ■> - ' 

Following the guidelines laid down by the President and his immediate 
* advisors, 0MB puts-'togethe^ the budget each year'. After the moneys are 

appropriated, it controls expenditures by t;cleasing mon-ey to the variou? 

/■ 

go\jemraent agencies. OliB consists. of a 'large staff of professionals ,/eacl^ 



/ 
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an ^xpert in one facet 0f the fede*ral program. 



(2) Sugjaor 1972 . Af4:ar the p-lanning meetings ol the spring,^ the 



FY* 74 budget of SOJfD is put together during the summer. From the discus- 



sions, the leaders of SONO have obtained a general idea of the^accep table 
size for the budget. If SOND is viaJbd as an important effort by the 
Executive branch, for instance, a budget increas^'^an be considered ' — 
perhaps by ^as muciv as J25%. ' ^ 

(3) Fall 1 972 . The S&ATi budget is combined with other parts of HSMHA, 
• ' . * • ' 

and tl>eh with the total picture for HfT^. DetaUed documents are prepared 
tp^ describe the total HEW program, with. SOND merely one small part. ITie' 

/' • ' • : ' . ' 

HES^s'ecretary frequently discusses the total departmental picturejrfith 
the Wms 



[ES^e 

;he^4'sident and ^^ite House staff. 

(4) January 1973 . In his Budget message, to the Congress, th^ President:^ . 
' presents the tc^tal federal budget alo^^g with broad descr;4>tions of t1ie 
primary ^oalS of the FY' 74 -program. 0>I3 prepares the detailed budget 
• picture^ by-^gcncy, ^or fo'rwarding to the Congress, and ^Iso a breakdown of 
the budget by category, in the last document-, the SON0 program is part . ^ 
of health services and also of biomedical research? the HStniA efforts in 
♦thege ^directions are £ombined with those of. the Veteyans^Adninistra^lon, 
^ The» National Institutes of" Health, The Bureau of. Indian Affairs,. and so on, \ 
in-order to give a total picture of th# federal effort in health care. 

■'C5) May 1973. Action now ^switches tto the Congress. Ih-bo^ the House? 
an^ the Senate, there is*a committee with responsibility for authorization 
bills for th6 health efforts of m4. ■ The first step through Congress is 
thi-s^' authortzaejon (we assume SOND is not 'a new pro-am requiring new 




ERIC 



9U 



legislation).^ Each committee holdis hearings on the authori2ati9n. Members 

• of HEW staff (including the dit:cctor^f SOND) test'if/',,as well as invited 

experts fronr outside the government.. Unless the prog^'am is controversial^ 

these hearings in 'both the House and Senate are likely to be seasonably y \ 

friendly affairs. Usually, lengthy statements are read into/the record'" 

bafore only one or two members' pf the comraittee (Congressmen and Stinators 

carry a fantastic work load and just are pl\ysicallij_ unable to attend any 

but the mos.t important hearings* aiTd meetings) t 

(6) May 1973 . An authorization bill comes to riic floor of the House. - 

Often this authorization is for appreciably more than"^ the President -s 

• budget, as the House committee fidds to programs :it' finds attractivQ and ■ 

important. The Hpusa then approves, the authorizatton after debate. Tills " ^» 

is the ideal time for Congressmen to go on voting record in favor of the 

programs. This is onlyin author Iza't ion yictlon, not a(frV|Poropriatlon. No _ 

money is actually being spent or even allocated. Tlie House is merely^ ^ 

• " * ' 

'saying that it .is auCh<prizing subsequent appropriations^ up to a certain^ 
' ■ ' .' . ' ' ■ ' ' ' . . .i 

figure (say $20,000,000) fbr ^OMD, Tlic President: only askqd^for 10 million 

in his budget- Congress has not yet appropri^itcd anything; -it is stating \ ^ 
that its future approptlati^i will not .exceed 20 million, ^ • ■ 

' Thus, when a Congressman running ^r reelection clatms he voted, for 
the S0:;D program (whilq, giving a Speech at a school for t)he hard of hearing), 
one must ask whether he-is referring' to his. vote on the authorization or 
on fehe appropriation, ' certain Congressmen have voted for authotrization . • 
then against any appropriation at all. ^ / ' . 

• From' the House , the authorization goes to- the Sen-ate where, again." • * 
«ftcr hearings, a bill is passed. If, the House and Senat^ bills differ. 



a joint confe-tence committee isf established to develop^ a single, compromise 
measure, which is Jth'^n passed and sent to^ the President. If he signs the 
bill, the, authq^rzatiqn process is completed, 

(7) Summer 1973 . Before the authocizatioti^^s^ done, a different.|!ouse 
'cbnmittee starts consideration of thq appropriation bill. Now we are.^deaj.ing 
with' real doUars which Congress is, assigning to the Executive branch to be 
spent. The coranitteo and House must -take Into account the total federal 

■ * 

budget picture and nust make difficult choices among alternative programs, ' 
each costing money. - . 

^' HeucG, the House apfiropri^ation for SOND is aikeiy to ie wfill below 
the authojrixation — perhaps 12 million dollars^ Ccompared toUhe 20 million 
a'utholrization- and the 10 million it\ the Presidyt's budget). ^ As indicated 
above, at this stage we may even discover t^iat the entire appropriation for 
SOND is killed, or thqt the funding is so snalM that tlie program has no 

..chance, to succeed. \ , ' ' ^ 

Again/ after^ passage by the House (according^ to the Constitution, 

4 ' 

alj. appropriation bills must originate in the House of Representatives), 

the J)ill goes to 'tihe Senate where the sasao. committee pro^cedure is followed. 

The "appropriation is 'riot' coop le ted until a.singid blfl is appraveid by 

both houses and sigrtted by the President. If th^ -total appropriation for ' 

■ , \ • , • • — > , . , 

HEW is too different from the budget proposal, the President is likely 

• '• ' ^ * 

' to veto; if 'Congress does not over-ride, the entire appropriation process . 
has to start again. . • 

^ ^ y 

The appropriation should be completed by July 1. 1973, at the s^a^t 
of the fiscal year for which money, is being provided.- In nany ca/es, the 



appijoprlation is not made until the fall. If no action is taken by 
Congress, all 'progr^ans t'erninate and staff Can not be paid. Consequently, 
once July I'pass-es, -Congress usually pass^os a resolution vhich allows all 
such progr^rts to contini^e spending at the rate of the preceding year until 
a fixed date in the fall or until the new 'appropriation is approved. 

(8) Fail 197*? . We aiTe^now into the FY'7A and Congress has 'included 
$12 million for S(J"D within the tot^l \m< appropriation. SO^ID still can 
not sppn^ the money however , until it is released by 0MB, acting for the 
Executive. OMB*inay decide to release only $2 million to carr^ the prog-r^ 
ui>til Hovctnbc^'r 1, by .which time HEW .should prdvide^a detailed statement of 
the iong-term goals for SOND. • ^ ■ ^ 4 

^Regardless of the particular procedures used for obtaining Executive 
approval of the actu^^ use of the* money appropriated, 0MB 5an^ determine 
the amount released ^to SOMD for the year. ^If QMB wishes, this may be only 
the $10 million originally reque^^ted in the President ' s budget; indeed, * 
if federal expenditures rise alarmingly during the year, 0MB may decide to 
cut SOND back V $8 million . ^ .* 

s 

'Thus', the Executive- branch, (througfi 0MB)- has.. the final determination 
^ t'he level of" spencjfing for' SO^'D. In rare cases, Congress may inser(4 

■ t ' * f ' • • 

>ihto the appropriation bill the requirement that no less than' a specified 
amount mu^t be spent on a particular ,i/ro^am. This form df ^coc^essional 
control over the executive powers is only used for very important programs 
in which there is- a history of sharp differences between the executive 
and logislfltivG^ branches* / ' J 

Flnal^ comDent > * • ^, 

The significance of a program, (such as our SDND exaftple) depends most 
strongly on the 'funds actually «pent- These. in turn are dqtefmlned by'a 



■ * . ■ 

long sequence of decisions in both the executive and legislative branches 
decisions starting with the attitudes of higHei; officials in the home 
Department (here HE^O . If a significant expenditure increase is to be 
obtained for SOND in FY-*7A, the director and pMponents raust convince: 
Higher officials in \\EM 

liJhite House staff members, particularly i'n OHB 

Members of the foulr Congressional corjnittees (two in each chamber) ^» 
concerned with authorization and appropriation ' ^ 

There exists a long sequence of points at which the total dollars 

available can be cut; ri^storaticn of . funds is increasingly difficult as 

we move dpwn this chain covering two years' in time. 
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CllAPtEK 4 

EMERGENCIES . 



np^ct 



'.' .Accidents', whether fatal or serious, have a strong imp/ct on the 
quality of life because fihey by definition, occur unexpectedly and they 
often affect young and healthy people. The majiner in/which a society 
cares fbr f its accident victims is one meafeure of its technological sophls- 
tication, for the quality, of this care is' determined largely by the 
resources' which the society is willing to devote to^^iel^ing the unfortunate . 
mintJrity^ Tliis broad stater^nt^ even fiiOre apparent if we include the 
^physically dhd-mentally^ handicapped with the accident victljim^^ 

. The magnitude of the accident problem in the United States is emphasized 
by a coniparison of 1900 and 19604 . , .... ^ 



Deaths per 100,000 

population-, oaUses 

Deaths by accident, pdr 
100,000 population 



1900 



1719 



72.3 



1960 
946 
51.9 



% of all deaths due' to 
afccidetits 


4.2, 


♦5^3 




% of all deaths due to . ^ ^ 
violence \ * 


# 

1.4 


» 

1.5 


* 


> . % of all deaths in ground . 
T?"*^ traiispor;:ation 


0.8 


2.4 




* * 

Ivliile the number of accident-caused deaths has 


decreased, the 


change has 



been much 'less than the dr<^p im the death rate. In other words, accidents 
constitute a mudi more important parf of the total he ^flth -scene today than 
they did' In 190(0. 

^ The. two bojced rows ^how the most important statistics. While accidents, ' 
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as a cause of death, have increased fron^ 4.22. to 5.5%, the particular 
' category of transportation accidents nore than ^accounts -for the change. 
^Icn 1900. transportation involved horses, vehlAes, and railroads; th6 - 
, automobile was an. Insignificant factor. In 196Q , . t'ransportation (essentially 

. ; «• , 1 

. ius^ irfotor vehicles) -'accounted for A4% of all accident deaths. 

• ■ . ♦ ■ * 

1: A utonobile Accidents ' , ' 

- * t 

More "than 50,000 deaths *and 450,000 serious iajuries each year are ' 

■ • > . 

Jaused W automobile acciden£fe. Meanwhile, the number of motor vehicles 
' in use in the United States cbntinues its rapid growt^ (Fig. -4-1), which 



<120-- 
Vehicles '. 

in use 100 "j* 
(millions) ^ 
J. 80-. 

60 



40- 
20-- 




"UK corrected 



J:953 



1957 



1961 1965 
Year 



1969 



Fig. 4-1 Nunber of motor vehicles in use in the U.S. and 

corresponding data for the .United Kingdom (adjusted 
to make total population^ equal) 



'1 Tlic accident problen is alnostf^as old a,s the automobile. According to 
a famous anecdote, in 1892 there were, only three, cars in the United Stated, 
Two of tMeh were in St. Louis, where they were involved in a serious . 
collision. 
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obviously will eventually level' of f after thei/e is slightly more than 



one vehicle for every registered driver. (Cliques tionably a major cause 
of these accidents is tHfe driver under the influence of alcohol; this 
is such 9 serious and' disti*hct problem, it is dlscu'fesed^ separately in ' ^ 
Sec. 4-3. In this section^we focus on other ways of classifying the 
causes of accidents. , ' " ' 

The fatalities in motor vehicle accidents are often attributt^ to 
three separate collisions: 

(1) Collision of the vehicle with an^j|||p|g^ehiclc or other object, 

(2) Collision, of th«> passenger with the vehicle in which he is . 
riding, • * 

(3) Collision of the injured person with the emergency medical care 
system. ^ . y 

The estimate has been made Ithat abqut 1/3 of the deaths can be? attributed , 
to each of the three collision^, • ^ ^ ^ . 

Collision-one deaths are those caused by the initial, accident 
contact — the "instantaneous** death/ for example, from a car at high 
speed striking an abutment. Collision-two deaths occur when the occupant 
hita part of h*is^^car or is th*>\m from his car. Collision-three deaths ^ 
are, broadly, those which fould ba;^ prevented if the first> person at the 
scene vere a qualified phys:f.clan with ad^^quate emergency equipment^ 

•9 

Co llision one , 

Cbllisioa-onc deaths can hq reduced by optimum design of the highway 
and traf f'^c-control system and by building exVrejne reliability and inaneuvcr 
ability into the vehicle. The interstate highway system has been one of 
t*he most important factors in reducing the accident rate per vehicle mile ^ 
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• over the past 15 years. The divided highways and limited-a9cess roads 

0 ■ ; , . • ■ 

. minimize .the opportunities for two-vehicle co^lisloni. Actually, the 

key concept of a one-way street was introduced in 1^601 in the neii||^rhoo5 
of New York's. John Street Theater, where "traffic" w^s hopelessly snai;Ved 
.at the beginning and end of perforaances. The one-way streets, 'which 
have become conmoa' ii> the last two decades within niost of the major cities, 
not only cxifcdite traffic flow, but also reduce dramatically the accident 

rate. • - 

Furthepnore, the new superhighways are being built with vastly more 

attention to quality engineering,, expressed in such terras as low-skid . _ 
\^ * w 

surfaces on treacherous locations, change in surface off the edge of the , 
' pavement 'so that the drowsy motorist i^ alerted if the c«r veers, and 
^ad curvature and sceneTTT' :hangc designed to ceduce, monotony. Coupled 
with such* construction, developments, there is a rapi-dly. increasing use 
• of modcni^omauivications equipment to alert the not<^rlst to potential 

' ^ ■ , * . , •■ ■■ 

' problems ahead, llie California Highway Department has wired 42^niles of 
free%^ays with sensors embedded in the roadway, to. in'oasure traffic density 

and speed. ComiJari'son with computer-s'tofed records .typical for the time 

^ ' I • ■ y ' '.Q : ' ■ : 
■ 

^ ' '- _ '(■• ' ' 

'1. In the U.S., driving on the right side ^ierlVes ^rom the use of oxen and 
horse teams that operfcd the West. The left, frtont anj^mal was always^ the , 
' ieadef. Mien f.^o taains ne't, the drivers dismounted^ and hand-led the 
teams past ode another. ^ i\ ' 

. • In England, drivin- on' thg lef/ 4(rose 'a" thousand ya^^s a-o when reins 
ver^hpld In the leU hand . >^ that ,th\righ^ h^c^d ^.ouid be free to wield 
a swS^d against attacking: 'high;;^>'Tn^n. fSfi result is the driving difficulty 
^ today when an EnglisHoan visits 4he*|J.S. American renta, a car in _ 

England. 
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of day and weatMt^&nJitions indicate very rapidly any unusual tie-ups. 
Warning signs cW be. flaW&S .tO approaching motorists/ One hope here is, 
to ayoid the cl^ia-reaction "accid^nt,s in which scores of cars'* pile up 
?fter an initial blockage of the road. . , 

Other developrients ,inJKi^hway itnprovement range over greatly inproved 
Ij^ghting and more carefully designed signs'. In the latter category, the 
U.S. is now converting from word signs to the standard picture signs 
connnon. throughout Europe (where 'the variety of languages was an early ^ 
incentive for the change-), oiring the five-year, conversion period (starting 
in 1972)*, the mo^t important picture signs will be accompanied ^by the older 
word signs to allow a gradual education of the. motorist. 

In 1970, the federal Department of Transportation contracted^or the . 
design and devrelopment of "experimental safety vehicles" — cars in which 
an attempt was made to look into tl)0 future 'and see what novel safety^ 
featurfes ,C9uld be included in a passenger car. .Tlic three goals y " 

increased ability to avoid accidents, reduced damage to the vehicle fn ' • 
an accident"^ and improved protection of the o.ccupant (in other words, 
reduction of fatalities in path Collisions one /nd two). 
. . -In addition to.these major prograSs . research is^ currentjy underwa/ ^ 

on a variety of speeif^-c developments. A periscope is bCing stlidicd to 

. 

* improve rear vision: the problems ati the cost of a large mirror over 
the ^^of and. above all, the weakening of the roof by the opening which 
brings the visual image down to the driver . j | v^ r^tc^r is available on 
the stelring wheel tp. warn passengers when a^Por siren is sounded 
nearby— a device useful not only for the driver who hag^poor hearing, 
but also for the motorist with his vi;ndovs clpsed and air, conditioner and 
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• radia' on*lfce probXeo liers. is strictly technplogical: ; how to build a 

-* device whloh alwa^^ recognizes ^ siren but does not respond to similajr ' . 

s'qund^.whith may appear fron other sources^ 

In" spit^ c^t these ad)kinces; the safety prrobiem is- increasingly .• , 

' * difficult^ because of jbhe tendency of speedjs to rise; Many of the parkways 
' ' * - * * • ' ' ' ^ . • • • ^-^ ^ 

^ ' ' 'i/ " ' > *' ** 

*. only- OS years old artd stUl he^avily used were desig^ied far. cruising spaejls- 

■/ " ' ■ '■' ' ■• ■ * ■ V' 

' " *or35. tnph, but* now hav-e speed liiji^s of 55. ■This' c^tiiiutng^glrowth in ^ 

• - ' ' . • ■* ' •• ■ . * 

* ■- ',#*. ■ ■■' 

\ ^ SRCcd is em'phdsized by the-fact thatj the- first sliatewide speed liinj.t/Was; - 
12 mph in the. cpjj^rjr, 8 mph in "the city (Gopncaticut' 1901)'. ; 
Collision two ' . ' ' » 

, The second colljisioiY is the one which is caused by occupant motion 
after the vehicle collifedon proper. This second collision includes the 
motlon'of the passenger against the interior of "the car, the whiplash 
^resulting from different accelerations of his head and torso » and the 
possible ejection of the occupant fron the auto. As indicated earlier, 
roughly one third of the fatalities can be attributed to thi^ ^rt of^the , 

•accident (although 'it naturally is oftun impossible 'to assign the cause 
V ' 

of death to any one of the "three, collisions"). 

The obvious answer to the problem of second-collision f^alities and ^ 
serious injures is the lap belt and shoulder harness combination. A 
vaiiiety of studies has jsuggested that just over half of both fatalities 
. and injuries could be averted if 100% of the front-se^t occupants used 
the three-point harnesses whidi are now available in all new cars. Use of 
just the lap*' (or seat) belt would reduce the deaths and injuriel by mbre 
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46 % 
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Table A7I / 
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Sample of Auto*" Safety ^egulatsCons 
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January 1968 . ' » ' <^ 

. - ' , ^ ' . / • 

. Pad^.ed dashboard . . ^ ^ * 

* - Energy- absprbing Steering ^column 

-Recessed ^knobs' on dashbqjn:^ controls 
Lap belts ^ ' ^ ' ' 

January 1969 ^ ^ . 

Headrests 
January. 19 70^ " . 

Steering wheel lock 
jWiuary.1972 

Side marl?er lights . * ' 

Hazard warning lightB^ ^ ^ ^ 
Shoulder haimess for 'passenger, beside driver' 

* 0 * % ^ ^ 'J 

* Warning light and isoizer'^for froAt-saat occupants ,lap bdVt$ 

September 1973 / "-^0, 

Energy-absorbing *bi:^pei:.''^^nfe*%^d reai^. 

April 19/3 — . • . ^ 

Illegal to modify (of disconnect) safety ^tjuipment - 

September 1973 f , ' . • 

Ignition intetlock tied to lap belts ^ 
S^trictcr bumper standards and uniform bumper height 
Strength of side door specified ' ^ • 

Roof strength at least 1^-5 we^gh^ of car - 
Fire-re tar dan t interior fabrics 
Tail light improvement ^ 
Illiimlnated knobs for wipers , *defrosd6i;s 
September 1975 / ' . ^ 

Passive restraints , 

1977 ■ • - ' ^ 

MorQ stringent roof standard ^ . * 
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1 « * 

than a third. \' • 

y In spite of the wide publicity given to Tfie advantages of seat beX^ , 
and harnesses, usage in 'this counpy has increased very slowly. For cars 
in which the equipment is available .biit there i^ no warning signal if the 
seat belts are ilot fastened on all occupied front seats, belt usage has , 
apparently stayed, around 20-25%, . ^^en the warning systems and ignition _^ ^ - . 
interlocks arq included;, lap belt, usage seems ' to rise 'to about 70%', although ^ 
-shoulder ^latnesses ,are stiU u^gd by less than 10%. ' . - 

' A natural qliest'ipn arises here: If so many deaths and serious 
injuries could be prevcnted>y» the us.e^of lap belts and shoulder harnesses, 
why not require such equipment by law? In othei:^ words, why not fine 
occupants in the front seat of . a moving vehicle wh6 are not adequately 
restrained? Or decree that insurance is invalid .if an occupant is unbelted? 

Actually, the fine ($20) has been tried the last tioVears in Victoria, 
Australia, with the satisfying result, tfiat 3/4 of the riders us^ lap belts. 
A few attempts |) introduce similar state legislation in jhis country have 
been unsuccessf\a , apparently because kof legislators' opinion that the . ' 

public support" does not exist.' ITie idea that insurance coverage should 
depend on restraint usage is unattractive because of the difficulty of 
determining, after an accident, whether the occupants vera belted or not. 

„- 4« • ^ 

1 Tlie be^t data here are from a study by Volvo, the Swedish manuf acturer.X . 
In order to obtain reliAbie data, the company gave free with'each car 
purchase a collision insurance policy. To collect, the owner had to report 
the accident in detail. Almost 30.000 accidents were described, involving 
26 deaths (25 unbelted) and. 2 5 GO injuries. Several studies have shown no 
fatalities for belted occupants in accidents with vehicle i^peeds up to 
60mph. 



ERIC 



111 



.X04' 

' Tow usage of. lap belts, and especially harnesses is partly due C( 

\ the discomfort associated ^ri-th tfie devices. Because of the tremendous/ 

' / 

variability of si^es and shapes of human beings, it is extr&aely di'fiflcult 

• .**'•" *^ . < / 

%Q desiga a single-harr^ss whi<^ is comforiiable for almost everyone. 

^ Equipment adjusted tt> the individual is e^pc.nsive, 

. The protection of infants and snail' childreri is a^particiiiarly important' 

• ' * ^ ■ ' f ■ 

. ■ , . ' • • ' A \. ■ 

problem because tti^se pas^engerrs are likely to be thrown wildly by a ^ . 
collision. Mos^t of the 1000 chi;.aren ^nd^ five'killed arfi^ually, and,^e ^ 
6O00 seriousjy injured could easily be protected by suitabJ^^,.3?<<sCraints . J 
In 1972. Consumer Union of the Jfej'nited States publishod^^ its analysis of the* 
efficacy of 17 comaJcrcially available child seats and; infant carriers (all 
o'f which Diet the government standards which specify ^withstanding a static 
pull of 1000 pounds). In actual collisi«na using , for .^rapl'e, 'a 30rinph 
sled hitting' a fixed barrier (equivalent to a car at. 60 mph hitting a pSrkcd 
. car), .only the General Motors Infant C^irrier passcS tests involving front", 
rear, and side -collisions. Two others (Ford ToT Guard and Scars Safety 
' Harness) were rat^d "acceptable," and ari additlorial* two "acceptable but 
poor." Ml others were deemed "no tv acceptable." , • 

Both the lap belt and shoulder harness fall into the category of 
active restriiints-. By "acfc-ive" we meaa that protection depends on an 
action by the occupant: "he must fasten the equipment,. Tlne^most attractive 
restraint would be one which is passjjug,; that is, one which works even if 
the rider does nothing himself. L the next .section . we discuss^the recent 



X. August, 1972 issue of Consur.er Reports, 
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development of the air ba|,'the most promising passive restraint, a?. 

• ' ' . ' . ■"/.<> ' - ■ • 

\iell as othet auto safe^. 'features to d4^rease the accidents' and , f 

: ' ' ^ ' / . . ' ' ^ ' 

fatalities in the second collfl-Sion. 

Collision three ^ ■ ' \ ' , " ^ ' ^ . . . 

, The'thirci collision 'rjfars to the f ifst' aid and einergency medicai * V 

■ ' . • . • . ' / . ■ 

care ciVfen to the accideHt victim. Attributing bng fhird of the f.ataUtic3 

' ' ' ' -f \ • ' ' ■ ^ ' / • 

to Collision three" is another way**of saying that one third of th"b deaths. ' 

could be aVoidcd-if a qual^ied .doctor and etiuipment.- were with the ^^ictio . y 

s^ortly'atter fhe accident/ Clearly, we arc cdtoparing the actual situa- • 
tion with am ideal \/hich can never be approached', so that the actual . 
18,000 deaths (one third of thfe total) couLd not be. reduced- to' zero even 
' if the emergency medical sj»stem we^e dramatftally. improvfed. ^ 
But, as, pointed out in Section 4-4 the emergency care system itt 
this country is far from ideal; unquestionably a significant number of 

lives are l«st sitnply because 'th^ emergency ' care is inept. 

*' • • . - 

' * ■ ■ ' ■ *■ 

2. Autb-Safety Controversy ■ - . 

— f ^ • ^ ^ ' - ' 

Ralph Na<fer's crlisade for automobile safety f«|s resulted in a - 

series of U.S. legislative acts. A few safety features were rcVired in 

new cars in -1968:"^ interior padding, he'ad' restraints, collapsible steer- 

ing column and lap belts. ^BuKper standards 'are .imposed in 1972 and 

1973, flammability standards in 1^72. ^ 

. * ''/' / 

The most controversial regulations relate to passive restraint 

systems — that is, iestrain/ng' devices .which do not require that the * * . 

rider take , any action such as bijfckling a seat belt. Under the latest 

la^^, this safety feature iS required by August 15, 1975 (although a , 
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one-year deVay is cotrenfly being requested by the feanuf acturers) . . • 

■ The auto^oapanieS have argued stronglyU^aF the air bag 1^. the 

.only device which can Aeet the 19/5 requirements and that the airr^bag 

is too expensive" arid as yet unproven.. Furthermore; to provide protection 

in side collisions, the structure the car' must be changed. In the' 

face- of these diffSulties' and with the air ba^ not fully developed or 

tested, the auto manuf acturefs urgd^ a -postponqaent of the 1975 date. ^ 

Claims are made that th5 device will be exorbitantly expensive for the - 

. , • ^» » ■ . ■•' 

pufciic, that pirbtectiou will be uncertain (since possibly seat belt 

usage will drop even lower), and that' the ;systca reliability will be 

> ' .• * .* ' » 

'unproven, particularly dftar the automobile has bpen in use for 9ome Clme. 

The consumer advocates reply that these are^anril^ar attitudes of : 

an auto industr>- which has long* given little real attention to safety, 

• ' ' .. . 
that the. costs are small compared to the frequent auto style chaises .which 

strve no purpose except to*lnducc people to buy new cars.^nd that only 

government action will ever force. the industty to strike an approprlafe 
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balance ^between safety Snd appearance. } 
. In' an attempt to evaluate these vehement arguments, the Office of 
Science and Technology- (OST) in the Executive branclj established a 
special committee it/ 1971 to consider wh<^t federal safety, reaulations 
are reasonable. \<hat devices can be required by • 1975 without Excessive 
increases in auto cost or a poorer perf o'lmange? ^^at are the alternatives 
available to the public in this trade-off between -safety and, on the other 
side,, cost, appearance, and performance? 

'.' The cdrnmittee reported on March 19, 1972 in a book entitled 
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"CutBulatdtt^egulatoig^ Effects on toe £osc of Autdmotive* Transportation. 

\ - - / ' % ^ ' ' 

The, document was labelled the StCAT 'report from fihe underlined letters. 

/ . # ■ ^ 

This report is an intensive/study of two facets of regulation of auto- - 

mobiles: air pollution >mid safety. In thd latter area, the report ^ ^ 



attempts td evaluate yche 3evelop:nents of the preceding f l^e years in the 

field of auta safety: the highway improvements the changes ^h^V^r 

# * " ■ • • » 

design, and the various- laws* enacted. 

The ' repot t recognizes that, ,while new safety features are certainly 

desirable, * the rG has'^o be '4 comproaise between safety and cost. If 

car prices go too high because of mandated safety features , sales will 

5rop and there 'will be a. serious injpact/ou^the U.S., econosiic and employ-- 

ment picture^ Furthennote, safety devices should^not be required before 



they are^ proven, or at least until there is a reasonable, chance of success. 

' $ A day after the report .was made public, Ralph Nader issued a state-- 
^ilient, the, first paragraph of which reads:' "On behalf of the ^'/hitc House, 
"the Of f l^*^o!**S'aience'and Technology has prepared and released the REGVT 

•t'i . • ' : ■ ■■ 

' report as another' effort to intimidate' the federal regulatory 'agencies 
- responsible for regulating motor Vehicle air pollution and safety. Never 
in the history o^ the Office ol Science and T^hnolpgy has it been so 
marS^ilated or, in the current parlance qf the White Hous& scene, so 
Flaniganizod. This report was the inspiration of Peter Flanigan who 

. pursued it all the way to its predetermined destination." It is a mockery - 

/ . • 

of scientific integrity and competence and a penny-ante cafit:aturc of 
think tank studies •^^ . ' . ' 

What is the reason for this sharp controversy between Nader s 

* 

* group aijd the White Hous.e staff? jCertainly bo.th are interested in 
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• • • t . . • # 

^ improved auto safej^y. t - ^ * . * * ^ 

" ^ In this brief sectioo. we can not* Mis,eu|S any significant fraction ^. 
of. this Report of several hundred pages." Rather, we will, loqk^, detail - v 
at merel>J^^e a^umenf^ that o^ the air bag, and focus^on the differences'. ^ 
of^ opinion with regard to the speed with" whicA the air l>ag shouW be • , . 
requlred-'in all new cars. ;. ^ / • - ^ 

. * ' ■ ."" . . ' 

Air bags ' " .. ^ •' . ' ^' ^ \ .> . i'V ,'1 _ A. ... 

' • .under the current regulations of-the Depirtmen; of Tran;spor.tatton^ 

. ■ ^ • . ^ . - ■>' ' " ' 

all new cars sold after Sept^tnbaV 1975 must provide passive ."protection . • 

for'all occupants in front, sixie^ aiid roll-over accidents at speads of - • 

• 30. 20, and 30 mph', respectively. We shoald cnphasise Here th^t the 
system required is passive; i.e., no action is required o^ the o.ccupant. ^ 
Hence, aap belts and s^jioulder harnesses are not sufficient. 

According to the auto manufacturers, the only way to meet this 

f 

st-and^rd i^%with the air bag. This is a porous cloth bag normally . 

folded in*front of the occupant. The bag is connected to a supply of • 

' I ■ { 

nitrogen tor another gas at 2000 pounds/square incU pressure. Sensors 

determine when a serious impact occurs" (by measu^iftg the large accelera-. 

• -tioa immediately. following a collision). ^^Tien the sensor detects a bad 

impact, gas is relUed 'into the bags! the bag must inflate in 1/20 / 
second to protdct the rider. Within seconds thereafter, th^ bag deflates. ^ 

' In other words, the .inflated bag in frojit of the rider gives him a 
"cikhion" into which he can move without hitting .the dashboard, 

• shield, or steering wheeU-^ ' 



im a. 
[, wina- 



^^The air bag is still an exceedingly controve^jsial issue. The 
ji^nment originally planned to require installation in 1974 and 1975 
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model car4, then, backed off to^ostpone required introduction uatil* ^ 

: • ■■■ ^' ' ■ ■ > L \ 

the 1976 models (that is, from September*, 1975. on) . The auto ra&kers. 
ndfe urge an additional year postponement., 

• . • * ' 

* The arguments for and against the air bag are easy to Ust, although 

it is 'difficult, if' not iirpossible to decide* which arfe really valid: 

For " - .. ■ *. . 

(Impassive res'traints (that is, 'the. air ba&) are essential since^ 
Anericah^ v^ll no^t jas^ lap belts^ and shoulder harnesses. The «Lr b'aS , 

' p^us ihe hAmcss is by" far the best 'approach to safety* ,- ^ 

. f ' ' . ' - ■ 

.(2) Current laws require a bugler-light warning system- and ignition 

V ■ * • ' ' . ' ' ■ • ' 

interlock -Vied to the lap belts for all ftont-«eat pccupants. ^e lap- * 
belt i/aming can be cheated trivially; one needs only fasten the belt 
then sit on it. In addition, the entire system is easily deactivated. - 

L 
I 

(3) Tlie estimated cost ($300 per car) Is ^maU compared to the cost, 
of style changes v;hich are useless and primarily serve as cust©m6^ 

- ■ ^ • '; 

inducements to purchase a new car.^ ^ 



^ ^gainst ' 

• • (1) The- cost is likely tp be as much as $500 per ca^ which will 
have to bypassed on to the purchaser whether he wants the air 'bag or 
not. Car sales will plummet (as people postpone a trade-in for several 
years) , and employment in all related industries will suffer, 

(2)' The lap belt-harness system with ignition interlock has not 
really been giveri a trial yet." Since the average life of a car is ten 
years, any innovation on new cars must be followed for nearly ten years 
before half the cars on the road are equipped. 

p ■ / 

t 

* (3) When air bags are Installed, the use of belts and harnesses 

^ . .. , ■ 
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(^The bag nay explode accidentally. whll,e the dr^vex is cruising 

• % 

at high speedy. . J ' p 

(5) The explosion of the ^ag causes ia noise which may be damaging 
to the hearing of 'car ocqupants. . ' - • , • - 

(6) Reliability is undetermined, fiarticiilarly after years of cat usp^ ^ 

V • ■ " - ' ■ 

mechanics are ntft trained in maintenance • * " * ' 

— - . ^ f . ' 

(7) The sudden blowing-rup of the bag rgsul^ts in high pressure withl^y ' 
a closed car which may push the* doors open, break a window, or even force 

gas'^out of the tank^ ' . , 

, -* . ■ • . , , r 

Obviously, the validity of ffuch claims needs to be determined before 
.a ,decisitori is made. One of the problems in • scientific testing is that the 
air ba| is a very new device; only a few engineers (formally employed by 
the auto makers) are familiar with the current status of the development, 

la^an attempt to' gain some experience with air bags, Allstate Insurante 
Company in 1972 putchased 200 Hercurys, each, equipped with an air bag in 
front of the passenger in^he front seat. 'These cars, were used by Executives 
of. the company, except for two which were allocated to collision tests with 
■ both dummieis and a human passenger.* These tests vete made in the course 
of producing television cominercials to intt;oduce the air bag tof the American 
public IJiifortunately, all threer TV netwjDrks refu^eS to broadcast the. 
coE-aercials on the gMund that they dealt with a controversial topic. 
^ Although a few local stations did run the tapes, Allstate then made a 
half -hour film^hich was ipade available free to any interested groups 
around the country in late 1972. • • • 

Thus,' at the beginning of 1973, the air bag controversy continues. 

y lis " • 



In part, the* air bag regulations lhave become a symbol for both the citizen . 
groups interested in .auto safety and the voices urging that new safety 
changes l?e introduced gradually after extensive testing and evaluation. 

>: ' • " -• . - . ' ' - . • ■ • 

:The public is trapped between the ardor of the safety groups as they 

- - -.J ; • . » . • 

criticize the poor perf^rnaAce of both government and the auto ii^^lustry 

in the past, and the dire warnings of tj^ ^ un expected side effects that may ' -* 

■ X' - ■ ' ■ / 

arise if air bags are instai:^ed «n a*l nev?'icars, ' ^ / . • 

If we try to reach" any sd&rt of a logical opinion froa these charges 
and counter-charges, it is exceedingly difficult to obtain an unbiased 
evaluation. So little is known as yet about the performance of the rela- 
tively new air bag. J'urthermore , the, past hisdory of the auto industry in 
safety work is *open to severe criticisn; even the simple idea of an energy-, - 
absorbing steering column (to avoid impaling the driver in a frontal collision) 
was* available foi* years before federal regulations forced the ii^stallation. 
Certainly one of the great errofs in corrporate history w^s the hiring of 
a private detective to investigate Jlplph Nader when he first came into the 
national spotlight with his attack on the safety of the Corvair in the did- 
. 1960's. 

The <iifficulty the concerned citizen encounters in evolving an opinion 

on such Issues is compounded by the frequent deceptive use of statistics 

and quaiititative data. This ^bility to present statistics in a desired 

light is illustrated by a small part of the RECAT report mentioned earlier — 

*^ 

a section in which the argument is made that the federal highway safety 

.. • 

program is already 'quite successful and, hence, we should give -the new 

f 

devices and regulations a chance/ before requiring the air bag. 

♦ 

This case is a beautiful exaaple^af the way statistics can be presented 
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$ to reinforce a desired point of view. We first look at a sroall part bf , 

the RECAT report <^tuall^ the total report is'^an impressive Se^th of ' 
valuable inf ornation) ; then we will consider o^er. possible interpretations. 
Statement o f the RECAT report ' ' ' I 

* Tablets froa page xxix repr6duced below. s: 

Economic Benefits of Reduced Death Ratesf . 

« for Four Consecutive Years ' . ^. 











■ 




Death. Rate 


> 






« 

Year 


Reductions 
Relative to* 
1966 (dfeaths 
per 100 million 


. Motor-Vehicle 
Miles Driven 
(millions) 


Lives Saved 


, 'Dollar Equiv. 
Benefit 
(million) 




m.v.ta.) . 






» 

4 


^967 

1968 
1969 
1970 


0.20 . 
. 'Q.30 
• 0.47 
0.81 


961,553 
fi, 015, 649* 
' 1,0 70., 600 
. 1,121,000 


3047^ 
, 5032 
9080 . 


.$ 269.2 
426.6 
,704.5 
1^271.1 



The meaning of the Table is as follows. If we look at the last row, this 
^tates first that in 1970 the death rate was 0.81 less than in 1966 (m.v^ 
stands for motor vehicle miles). For example, if the 1966 rate was 5. Si 
deaths for every IO9 ^million vehicle mileV, the 1970 figure would be 5.00. 
The third column gives the miles driven each year; /in 1970 this was 1,121,000 
million miles. 

The. fourth column is labelled I'Lives saved." sWe the death rate 
is' 0.81, less than 1966, there are fewer deaths than would^have occufred if 
the 1966 rate had persisted. .Multiplying the 0.81* of column 2 by 11210 
from column three gives 9080 fewer deaths in 1970 than would have occurred 
with the death rate of 1966. 

/ 

Finally, if each human life is worth* $140 ,000, we obtain the last' 
' column: the dollar value of the lives saved; The figure of $140,000 is 

" ' / • . , r 

» ■ ■ It 



used' throiPfcut-'the te^orh^ff^^e dellar value of ojie lifjB in ord^ to , 
C4.1cul$j,te i&e beoef it%^aiid costs* of 'particular safety ^ea^res/ Whenei^r ^ 
we- try to mft^ure thfe totaV. cost of a new health 'or- safety measure, vye . 



need"^ place a value tfn life in order ta" treasure everything in the stfce, 



units 5:^t^i6 ca5e, dollairsy. ^ ' . . 



The report then goes on t(^Wte ?:hat: "The estri.ma^ed -benefit realized 
in 1970 -f rom^ed'uced traffic fat;aUt;fea-waB 5l'.27.1 b^li^on. As sliming ♦ ; 

* ^ ■ .... • • ■ ' ;^ 

'Similar .declines* in injury ani^9r(>perty damage rates i ,^^^6 aggregate benfefit 
totalled $3,-09 billion. "''One-third, to one-half of this aggregate' benefit 



can be' ascribed to the ^edec^; pt?bg rains' for I^tersftate highway' cOfis true t ion - 
and motor vehicle safaty ^e^lation. ' - 

"Both highway and automobile* design improvemetit programs hi^e resulted 
in benefits f rom^ rcHueed' fatality and Injury rates that are plater tha^ 
the costs attributable to achieving safety, and thus arg reducing the cost " 



of auto^.otive transportation." 

Report argument ' 0 - * ^ 

' - -V. 

Jhe Report argues that in 1970 the nation saved conservatively 
$3.09 billion by the rediiction in. the death and injury rate^ in the pre?^ 
ceding four years. * The value may be even greater, since a human life is^ 
probably worth mor^L than $140,000. This "ioprovfement" resulted from 
several factors: for e?caraple, stricter enforcement of tra^^^ laws, 
improved health care, better highways, and the national safety program. • 
The report goes pn to claim that, evfen if only half the swings are 
attributed to federal high\^|iy afid safety prografas, the dollar savings are 
greater than the'costSi^ 

*»' , 

• The implication is clear. The current federal programs are bearing 



' results. Things are getting better each year. Obviously, then,, nev 

programs are nok needed; all \^e have to jdo is continue Che existir^g efforts, 

and the future is bright. 'In other words*, "ther^ is jrea^lf no basis for the • 

new 1975 measures, and one can not criticize the auto manufacturers ^or 

safety program admiuistrators in Washington. * ^ \ 

- » . ; • , ' - ' • # 

' The above paragr^aphs ate a summary of the arguments sometimes advanced' 
by the auto manufacturers and officials in government. They avoid presenting 
• the real problem: the ^.arge number of auto deaths 'and injuries each yearv4 
By using carefully selected data presented in such a way as ta steer the 
reader's ^QvaluStlon de^rcd condlusioni the argument creates Che appear* - 

^nce of scientific analysis . ' \ ' ' 

this ±5 exactly the mis-use of data which is most dangerous, "if we' 
' honestly want the public to he, efficiently infonaed to be able to choose 

intelligently ¥tom among alternatives. 
'.Logical extcns-ion of th e report argua^nt • 

If the Report argument K&s any validity, there's no reason why we 

>v / \ ' ■ * ^ * ■ 

should calculate doliar savings only over the last four years. Instead, 

let*s see the "benefit" fot 35 years I 

In 1936,- there were 38,089 deaths and 252,000 million vehicle miles, 

« 

ori a rate of about 15 deaths per hundred million miles. In 1970, the 
corresponding rate was 5 (one tKlrd as much). *If w'e use the Report's 
argument, somehow in 1970 we "shved" 10 lives for every hundred million 
miles — or a total of 112,100 lives in 19^0 alone. At $140^00 per life, 

, r 
* ^ * I 

^' this represents a saving of $15.7 billion. .* • 

i 

Measuring" from 1936, we save $15.7 billion the 35tfi year (1970). If 
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we guess the .saving/year increased linearly from zero in 1936 to $15.7 

* ' ' * ' * 

J)illion in 1970, the total saved over the 35 years is - \ 

^ ^ * • * 15 7 * 

35 X* (Average annual saving) or 35' x — 1~ billion 

^ OT $275 billion 

Hiis ridiculous figure comes to $2750 for every licensed drivex (enough ^ 

• ' ■ *f 

to 'purchase every driver a new car) or $1375 per person in the U.S. 

It is easy tb be conviriQed that the auto safety program is o?te. of 

, the best buys this country has ever had'. 

An even better argument goes as ^follows. The death rate per 100 

million miles travelled by horses or horse-dra^^m veblltles in 19^ was 

approximately 10 times today*-s auto rate. Hence, .the aut^ today is saving 

• , nine times the lives it takes — or about 500,000 lives' per yeat« In 1970 

alone, the saving was $70 billion (or roughly the total cost of either 

education or health care in this counf€ry). 

The ridiculous nature of this argument is apparent if we tiecognize 

4 

that, to travel by horse as far as the average American does today by car, 
everyone would have to spend mote than three hours a day riding • ' Tlien 
imagine the urban pollution problem (compared to ISOO when the streets of 
• New York City received daily the relatively minor quantities of 2-i million 
pounds of manure and 60^)00 'gallons of urine). 
A different view of the same data . 



The same daTa of Table 6 of the RKCAT report can be presented in a 

»*• 

different way: 

Vehicle Miles Increase in Increase from 1967 in 

Year Deat'lis Driven (ciillions-) Deaths from 1967^ilf^s Driven ( n ullions) 

•1967 53,100 1^61,553 - ' . - 

1968 55,050 1,015,649 1950 - 54,100 

f 1969 56,210 1,070,600 3110 109,000 

4 1970 -55,040 1,121.000 . 1940 159,400^ 

^ 
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Now we can at«gue: The , Improvement of roads and increase in cars allowed 

the American people to dtive 159,400 more millions of miles in 1970 than 

in 1967* The cost of this extra mobility was 1940 lives (and perhaps nine 

times as many injuries) • 

« . -■ 

In other, vords, the highway^-improvcinent program (for' example) gave 

ijs greatly increased mobility at the cost of ihore accidents* 

In these terms, a comparison between 1956 and 1970 makes ^sense. In 

1970, we drove 4.5 times as much as in 1936 at a cost of about 17,000 

^ives. If the highway system of 1936 had remained ♦tiniraproved for 3*5 years 

the nuiaber of vehicle miles driven would certainly not have grown very 

much. Already 1936, there were signs of near saturation 5n many roads. 

On* these h-ighways , a'n increase in traffic would have Aeduced the death 

rate because of lower average vehicle speed. 

Commen t 

In our second, view of the same data, we certainl? do not emerge with 
any ringing en'Sorucnent of the past efforts in auto safety. Vhether an 
auto safety program is adequate or not; depends on p ^ 

(a) Willingness of the puljjJ.c to sacrifice personal convenience and 
pay added cost for greater safety/ 

(b) Readiness; of the public to compromise certain aspects of individu 
liberty (for example, in allowing roadside tests for driving, under the 

Inf luente *Df alcohol). ^ ^ ^ ^ 

(c) Feasibility o^ new technology to improve saf ety^ (e. g. , the air 
bag technically and economically possible by 1975). 

The 'federal progras^must weigh such factors and then develop appropriajre 
regulations, subsequently strictly enforced. 
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Thus, an evaluation of the achievements of the national program so 
far is to a considerable extent irrelevant to decisions pn future policies, 
except to indicate vhich policies are likely to result in improvement. ^ 
Only when thG-*auto death toll is ^gnificantly^ reduced will ve be able to 
argue that* the program is, indeed, successful. 

Certainly, the most specious* argument is that which effectively spates 
that success has been acliicved because the. death rate per mile is going 
dou-n, even though in Actuality the deaths each- year are increasing in^nupber. . 
If one carries thi?, to an extreme, if everyone would drive twice as much 
next year, we would have a highly sttocessful year if only 90,000 people 
were- killed (compared to this year's 55,000). . 

■ ■ '■ ■ ^ 

3. Alc o bel And D riving 1 • 

Alcoholism is a national health problem, which we might well /have 
dis"cusr;ed in Chapter 3. ^e relntion between serious automobile accidents 
•and alcohol is so startling, however, that the topic has to be included 

■ « 

In this chap'ter. Precise data on- the inportance of alcoholism are difficult 
f to detcrninc; there is a suspicion that often the easie8^^e>^lanation for 
-an accident is that one driver was under the influence of alcohol. A study 
" oi police records in Massachusetts turned up one such allocation where 

the driver '..'as a local lend-^r of tho V.'CTU" (Women's Christian Temperance ■ 

Union) who had ntvcr' had a drink. ^ . . 

•• • • 

Even if the'data are viewed skeptically, approximately one* half the 

aut6 fatalities arise froni accidents in vhicli at least one driver is under 

the influence of alcohol. Tliis secrr.s starti;;3g until one realizes that 

there are 10 million alcoholics and problem dfinknrs in the United States. 

In other words , ^a^ut oric licensed driver in ton is in this category. , 
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wheft- you drive, every tenth car coming toward you is, on the average, driven 
by an alcoholic."^* Hopefully, many of these arc not intoxicated at the time. 
Alcoholism in ggn eral^ • 

Arcoholism is directly related to about 60.000 deaths per year (A2,500 ^ 
of them male — a significant contributor to the problem of higher male 

mortality discussed in Chapter 3). The specific causes of death can be 

\ ■ / 

further subdivided: • ' ' ' . ' ' ' 

14,500 ^iipn directly related disease: cirrhosis of the liver, 
chronic alcoholism^ and .so forth • 

7,000 fron suicide and homicide 

26*^500 from, auto accidents ' - ' , 

12,000 fron other accidents , . 

« 

In spite' of the magnitude of'thls health problem,^ pgr capita drinking has 
not increased significantly if view, the past century, even though the 

f 

last few years havfe sho^^ a yery sharp rate of Increase (Fig. 4-2). Tlie 

3 - 




t » I 1 I — 1 1 — — i 1— -J 

1850 1880 1910 19A0 1960 

Fig. 4-2 Total cor.sumptlon per person in • the drinking-age population 
(those' over 15) as measured in gallons of absoluta alcohol 
"(frora wine; beer, and distilled spirits) 



1. And the odds ^re really no better if you arc an alcoholic or problem 
drinker. • • ' , 
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situation today is not nuph different f»om that in the late I850*s. 

On/ might also measure the seriousness of the alcoholism problem 
by the annual direct cost in lost work, medical expeiS^es . impaired job 
efficiency, and accidental damage. This figure, has been estimated at 
ten billion- dollars, In the major metropolitan areas, companies frequently 
contract for permanent accomodatids at residential hospitals for their 
senior-level employees 'who require a drying-out p^iriod. 

Alcoholism is not uniform across society. Although a numerically 
''small part of the overall U.S. situation, "the 70a.00O American Indians 
pose a particularly' serious problem. The average age at death for this 
group is 44, compdred to 65 for the entire U^S. population; "20% havo^o 
housing* and 70% of' the housing is below any acceptable standard. Some 
. of the schools Ivave a 100% drop-out ratfe. Under these " conditions , it . 
• is not surprising, that in some trij..es every feale over 18 has a drying 
problem, find it is not unusual to find that the annua/numbcr of aftcsts 
for drunkenness begins to approach the size of the jppulation. Tliis 
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■ deplorable status of the Indian exists even though t^e federal government 
spends $500' million per year on Indini^erviccs - equal to mpre than 
$1,000 for each Indian li^ving on a reservation. " ^ 

NAlcohol is involved in npptroximately half of the auto fatalities; ^ 
in the great majority of these easels, the problem drlnkor is , to blame , 
' rather than the social drinker (Fig. 4-3). tacyJiatcly the question arises: 
W.y not tighten up the laws against driving while under the inf,luence 
of alcohol? 

The author* s strongest Inptession from a visit to Norway arose from 
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PROBLEM 
OR INKERS 



NON ALCOHOL 
■ INVOLVED 
FATALlTiSS 



:j ALCOHOL 1^' 
si INVOLVED |vM 
FATALiTieS S^^J 



■SOCIAL 
DRINKERS 



, 'Fig. 4-3 Distribution of auto fatalities 

4 < 

a dinner at which everyone had a social drink or two. After dinner, the 
host called a taxi to return us to his house rather than drive his own . 
car, because of *e very stringent lavs In that country These national 
actions include . * 



Mandatory chenical tests 

Roadblocjcs to catch drinking drivers ^ 

Mandatory three-year license revocation • ' 

Three-month jail tern for driving v:hlle intoxicated ^ 

Insurance cancelled if drinking 
The result? of strict enforcement of this policy irs^-that only 10% of the 
fatalities (rather than 50%) are alcohol-related. 

In this country, in contrast, laws vairy " a:v.ong the states^and they 
are often only half-heartedly enforced. Hie National iflfhw^Traf fie 



, ^ c c^i„:.^nT 1-hP sentence for drunken driving is death by the/ 
1. In San. Salvador, the sentence students, who happened to be 

fr^^h^^e'refp^l'sufd rhi/Lern^ttp to tou.i^ts). .eedles. to say. 
there are few^ of fenders and no second-offenders. 
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Safety Adrainistwtion (NHTSA) ofvthe U.S. Department of Transportation 
has decided* that a tough program it just not jiossible in this country. 
Courts wdl not enforce stringent pcn^iltifes. The public will not support 
automatic l^conr.e revocation -or- jail sen^etifces and, in response to public 
attitudes, the courts will allow i>l«as to l.Qsscr charges when £hB man is 
accused of driving while Intoxicated. • 

Tlip premise ^hat a tough progran against offenders can not be effective 

in this country seems open to serious question. The legal progress in 

V , 

the last decade has been impressive, an4 ve now find that: 

(1) Evoi-y state has' chemical test legislation ,» with the level varying 

• ' , < ' ■ -r 

from 0.08% to 0.15% blood-alcohol concentration. 

• (2) Only Illinois does not have an implied-consent law. 

'(3) Five states npw give roadside breath tests. 

■In spite of thin progrefes, the federal' govcrnTnent (represented by NHTSA) 

takes the official position that the United States can not. follow the lead 

\ 

of the Scandinavian countries. .. . ^ 

s 

If auto acciden^q resulting froni alcohol can not bo reduced by strict^ 
laws, what alternatives nre available? Two possibilities exist: technology 
to keep the intoxicated driver off thc^ road, and coruauniti^or social j 

I 

programs. * ^ 

• T echnology. ^ ' • ■ ^ 

In tnclmolocy, two different approachesjiave been proposed to detect 
the fact that the driver is under the inflfiencc of alcohol. Tlie first 
attempts to lock the ignition when the air exhaled by the driver indicates 
alcohol. ^ ^ Tlie feasibility of such a device is ruled out by two obvious 

1. -Time. Jan. 3, 1972, p. 53, reports on a Japanese development. 



problems. ^ .- 

First', unless the driver's breath is collected directly, other ^ 

passengers con trigger the ignition lock, or detection can be avoided by 

opening the window. Second, tha l^ck.can be triggered^ by the fumes from 

various perfumes and after-shave lotions. 

If the public is to accept such devices, the technology must work 

with reasonable .fidelity. Tliere must be a relatively small nuiuber or 
fajse positives - (locking when .the driver has .not been drinking) and false 

ne£.ativc. (failing to lock when the driver has been drinking); This 
conccpt^of false negatives or positives is a comi^on and important way to 
cieasure the trunLworthlness of many .measurins^ systems. '.For instance, in 
B>edical tests false positives indicate the disease when it is. not preset^. 
This causes unnecessary patient worry, and of.ten requires an extensive 
series Of further' tests. False negaLivcs.mean' that the disease has been 
overlooked, and the chance for early treatment is lost. Thus, the value 
of. a test can be measured .in terms , of the percentages of false j^ositlves 
and false negatives which ^r. obtained. In the same way. the breach test 
for the driver will be useful only when tlje fraction of false' results 

can be kept very rmall. . , \. 

l-here is'a second type of tcchuolosy vhich has-been proposed to 
prevent uriving by people under the influence of alcohol. Tl.is approach 
is represented by a device" to display a code minber and a dial. A 
randomly chosen number is flashed before the driver - for example, 721A8 
Thq number then disappears. During"' the next few seconds . the ^dri^er n^ust 
^al in this 'same number. If he fails, the ignition wil^. not- unlock. . 
Unusally the driver is given a second chance to "play the game," in case 

* , ■ • « 
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he acci^ntally made a nistaka in one digit or was not looking when the 
original \imber was^dlSplaycd*. 

The principle here is'thac ^« driver vho is under ^he Influence'pf 
alcohol has both a pborcr memory and a slower reaction time. Unfortunately, 
there are again difficulties, and it seems unlikely ^that such a device'' , 

vlll ever be used widely. . '-^ 

(1) Public acceptance is dubious. ITic average car o^^er just does 
not want to botheif with such "games" every time he starts his car.'' 

(2) Jhe ti^st could be taken by a sober passenger or bystander. 

(3) It is difficult to design any reaction-tim? measuring system 
which catc^hes the drinking driver and lets the' aged driver pass. Average, 
human reaction time increases vith ago (Fig. 4-4). 

V ■ ' 

Reaction time 
(seconds) 

0.6-' 
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rig. k-k Total hiL-aan reaction timfi varies with age, 
on the average 

■ ' Reaction, time can be ncasured easily. Tl.e subject-^olds out his 
thumb and forefinger. Hie tester holds a ru^pr with t.he zero-inch end 
at the subject's fingers. At .ny time, the te^r drops the ruler. Once 
Jt^e sees the ruTer falling, the subject closes his finsfrs. Tl.e distance 
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dropped is a measure of reaction time (4" - 0^15, 8" - 0.2, 12" - 0.24. sec). 
This is the minimum reaction time in a simple task; the data of Fig. 4-4 
t'ei^T to the. total reaction time ^*hen the foot has to be moved to the 
brake 'in a driving emergency. 

' ' * 

An interllfting variation of the experiment has the subject (a young 

man) measured conpletely sober, then again after a bottle or two of beer. 

For the person not used to alcohol, one beer is enough to. slow the reaction 

sufficiently that he migs^s the 12-inch. ruler altcygeth^r. NotVff^ is his 

reaction time increased',' but he is convinced it is as good as ever; he is 

sure the tester is hurtling the ruler do^^ward. 

ft 

(4) Any dcviqe of reasonable cost could be removed or permanently 
disabled easily by a technici'an. ^One of the persistent problems with 
alr-pollution-control devices has been the tendency of oi^iers to remove . 
them once the car has passed inspection in order to improve gasoline 
mileage and increase effective en^^ -power) . 

Thus, while technology can provide a variety of devices which theoreti- 

« r 

cally can prcVent car operation by a driver under the influence of alcohol. 
a^Ll such approaches seen to depend on an unachievable level of public 
acceptanc<j and willingness to undergo personal inconvenience. 

Al coholic cm iiU:ciiHgiil£H,r r^ program ' • ' 

Confronted by the conviction that legal mca.surcs are not a total 
solution and that technology can not help directly, the National Highway 
Traffic Safety* Adninistratiqri has started a group of Alcohol Safety 
Action Projects. In 35 conmunities across the nation, local programs 
are totally funded,by the'federal government at a total cost of $82 million. 



Each projUt.is dcslsned. by tba community .^nd , includes a variety of ' 
specific steps vhich. fcopoft.lly, will cdnstitut^ an%f,f.cctivc tttal. 
attack on the problem of alcohol-related accidents.. •'. * . 

. ^ihile the prosraps .y^ry over a wide range of approaches. the-commo« ^ 
feature is the hiring of additional justice personnel' to Itf^ato the. problem- 
drinkers and provide I'ndividuar rehabilitation servic'es.- Specif ic>actlons ; 



include such features as: ,^ - ' ^ ' .. . . 

(1) For convicted problert'drinkers . tttfe, option of a jail sen Pence, or 



a daily use of a dru^ which ,clu5es nausea whTn alcohol is 5onsuned<dater ,• 
* • « » . .- / , 

(2) After a second convictibt?,. the p.rob>l^. drinker is sent^cQii to ■ 

30 days in a resid«itial- "hospital.^*',; ^ ^ . *■•. ■ > ' 

(3) In San Antonio. Texas . special ^(tlic^men videotape i^J ^jjIf^^F : l;. 
Of drunken drivers and show the tapes' after the .^res\ed nian t^y;^J.^^7.V-: 
■ ' (A) Special patrols arc assigned at night to areas- wjth O; l|i?&e "Con- . 
centration of bars and nightclubs, v . 

(5) In part of Nor*Ch Carolina, the emphasis is on massive public ^ 
education. Whiskey an'd wine are sold in paper bncs which contain a breath 
tester iinipa chart to evaluath breath al<:ohol concentration.^^ ^ ^ 

The long-terpi hope is that from these local cxpcrim'^nts there will 
^ergc a set of tested guidelines to help'a cor^.unity or state develop an 

ir^lTpropcr'Intorpretatlou of breath tests for determlnins ^Icohol in 
the lood and, then, ability to drive is a i^ctnating seientitxc aW legal 
Wb cn n,e dlf£icultier., arising becnustTof dif,f ering-hunan physlologxes 

aa tn= vari^y of instruments, are described in ^1- att.cla by. 
Willlan S. LovcU, *=ath Tests for Dete^■^^nlng Alcohol in. the Blood, . 
Science, vol. 178, October 20, 1972, pp. 264-272. 
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optimum alcoholic countcrmeasur^s program. * 
Final comment • " . - 



The combination of alcohol and driving is a major socio-technological 

problem. The large number of deaths and injuries are particularly serious 

because they impact strongly the young and healthy population, and they ^ 

represent a continuing threat to the large, innocent portion of the public. 
/ 

>Jhat alternatives are available and what can an individual do? The 
most attractive approaches are not technological, but rather legal and 
social. Increasingly stringent law enforcenent depends on public support. 
The alcoholic counteraeasures pro_gram of the U.S. Department of- Transporta- 
*tion provides a vehicle thfough vhich local efforta can be designed ^nd 
f unded* *• ' . 

> 

A. EmerRC:nc.v Medical Servipe 

) * 

In 1971, a soldier injured in battle in South Vietnam was brought to 
an- emergency medical facility in just over 20 minutes, on the average, 
and he was seen by a physician within SO^minutes of the time of Injury. 
Furthermore, during the interval he was under the care of paramedical 
personnel v:ho were adequately trained and equipped to handle moat of the 
emergencies . 

In that same year, an iii44vidual injured in New Yofk state had ^ to 
wait an average of 69 minutes for ca^e by a physician — or more than 
twice as long. The data for New York City (and many other U.S." cities) 
are comparable. Also, the personnel manning amb;\ldnces ^f ten had only 
ffli.ilmal training, and many ambulances were inad^&'quat^ equipped. 

Wljat are the reasons for the long, 69-minute interval? Actually 
this is only an average, and the detailed statistics would show many 
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case^ mucli longer. Since a few people arc probnbly injured just outside ^ 

f ' 

a hospital emergency rooa, there must be others for whom the interval" is 

two hours • - • , ' « * 

In an attempt to understand thejreasons for the poor performance of 
the emergency medical service (EMS), \;e might try to break do^ra the 69 ^ 
minutes into its components. I'he New York State Health Department did 
this in its massive study of 50,000 ambulance cases during the first six 
months of 1971. The findings were: 

• Time until ambulance called after an injury, heart 
attack or crisis situation • ' H minutes 

■ Time for ambulance to reach victim 15 minutes 

Time until victim reaches hospital . 18 minutes 

■- "" Time in emergency room before physician sees patient 25 minutes 

* — 

Total 69 minutes 

(The last 25 minutes is probably not as -serious as it -u^ight seem, since . 
at this point the victim is being observed by nurses. If it were >4 time 
emergency, presumably a doctor would be suir.moned more rapidly). ' . 

Tliis breakdown into the four categories places in evidence the ucak- 

i , 

nrfsses *of the FlIS system in many parts of thi'5 country. Discission of 

•EliS is diffult because performance differs so widely from one region or 

town to the next (usually without citizen awareness of the quality of ^ 

emergency care available in his own area). In a few towns, there are . 

major efforts to develop a logical, unified system using modern conmunica- 
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tion and transportation technology and' including the best possible 
training o^f personnel. In other cities, the E>fS system is a hodge-podge 
of jurisdictional disputes, with elements of care provided by hospitals,. 

• ' 13;, ' - 



police, fire departments, and private ambulance serviccife groups which 

may compete rather than cooperate. * 

' ,,-.,>' 

In an attempt tp bring order and progress to this often cliaotic 

situation, the federal government (through the Department of Health, Educa- 

tion and Welfare) initiated pilot projects in 1971 r- five local effort:^ 

to'^Rjn'strate whet could be accomplished through a" centralized regional 

program adequately funded. The improvement of emergency service^ was 

adopted as a Ircy element in the Adininist ration 's program for the use of 

science and technology for the benefit of the public- Expansion of the 

If . < ' 

effoft in 1972 became temporarily the victim of the attempts to hold do^ - 

federal expenditures, b\it there is every anticipation of continuing* and 
increased emphasis on this area during the next decade. 

In the remaining 'paragraphs of this section, we want to look at each 
of the four time periods ^cntione'd above; our 'objective Is^ to understand 
ways in which the total tine can be reduced and the otn^gency medical 
care" improved. . ' 

■ Calling for help ^ ' ' ' ' , - * 

In inany parts of. the country-, one still has to dial a seven-digit 

number t.o reach the source of emergency care. If the- call is from a pay 

J 

^hone, a dime is still needed, even to reach the op'crat0|. If the call 

is ^ the police, there may be a very limited aribulanq^ and emergency 
.service available and under police control. *There is likely to be no 

4 * 

'regional' control center wher«\ information on availability and location 

of all ambulances is kept up-to-date, so thn,t the- nearest, properly equipped 

vehicle can he dispatched to the scene." - 

• Two relatively simply technorogical Improvements are obvious: ^ 

* . ■ ■ ^ 



(1) Pay phones should be designed so that the operator or emergency 
numbers can be reached .without requiring the caller have change to actuate 
the dial tone. This system, already in operation in the United Kingdom, 
is gradually being installed in this country. 

(2) The 'emergency number should be uniform throughout the United 
States. * In ,the Soviet Union, one .can dial th'e same two digits on dny 
phone. The comparable approach in this country is the 911 number to 
reach the police, although as yet this is by no means nationally available 

The importance of a central -source for help and information has been 

demonstrated by the poison control centers wliieh have been in operation 

for severfil years in different parts of the country. If a child swallows 

a substance feared poisonous, the mo^er can call the center, describe 

the substance, and immediately receive first-aid advice (the operator at 

the center has a catalog of information on appropriate antiaotes). Tlie 

cdnters also yield important in'formation for new regulations to <^ecrease 

. the number of seriouSNpoisonings. For ^xample,- early experience with the 

centers revealed the large number of cases" in vhich very small children 

ate all the baby aspirin tablets in a bottle, a step encouraged by . the - 

candy flavoring adde'd. As a result, the number of baby aspirin which 

can now be sold in 'one container is fimlted so that severe poisoning can 

nof occur. Such an imaginative, even though trivial, decision r^resents 

a small stt;p foncard in consumer protection, but a step which probably 

would never have been conceived without the information input from the 

« « 

■poison control center?. 

Hclp^ t o the scene * 

The second tine interval is that required for the ambulance or 
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emergency vehicle to teach the yictrlm. The obvious problems here are . 

'the location of waiting ambulances and the techniques used for dispatching. 

la New York Qity, merely as an example of a lar.ge urban area, there *re 

109' airiulances Itationed at 49 hospitals throughout the r^on. trails to 

♦ • . - 

the police lead %o instructions to the nearest hospital to dispa^fex^h^an 

ambulance* . * * ' 

•^n London there are now attenpjis to^ establish a centralized system. 
When a need for i^clp is perceived /the* central computer will dateroine 
which of' those ambulances appropriately equipped foPthis call is "closest ' 
in time to the stenc. Once the selected 'ambulance is then called, it ^ , 
• will be routed through the city streets by radio communication. Ultimately 
■ such a system might also keep running ^ecWd of which blocks are severely 
• congested in order tfo route the emergency vehicle around bottlenecks. The 
total system- requires classification of the medical equipment carried by 
each vehicle:, if the call iS" for an apparent heart attack, the answering 
ambulance will f^nv. coronary care capabilities and correspondingly trained 



personnel, 

Onu aspect of the s^^tm which until recentlyjhas' received -very 
little attention' L th^ desirable design of the warning devices (lights 
and sirens). The evaluation' -of a siren-light combinatipn tur«s out to 
be exceedingly difficult. The purpose of the tquipniont is to alert 
drivers and pedestrians to the approac^i of the emeVgcncy vehicle. This 
■ vaming must be given even in the presence' of a distracting environment^ . 
(flashing neon signs- and horns). It must be effective eve^ when the 
^ driver has his windows closed and radio on. It must work with drivers 

who are tired, partially deaf or color blind. Finally, it shoirld minimize 
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the disturtaiLce to nearby residents and people behind or well to the side 
of the emergency vehicle. ^ 

In^the light of these requirements current research is focussed on 
both neif. technology and people-technologi; interactions. In the former 
category, sirens and lights are sought with improved directional charactei; 
istics, so that the warning ds focussed on the .street ahead and ^entering 
«ide streets. A signal will bfe^transmltted from the emergency vehicle to 
control the traffic lights a block ahead in order to stop traffic and 
pedestrians from entering the street in the path of the vehicle. In the 
latter category, research is studying which types of sounds and lights 
are most successful iiy-alertlng the human being. 

Trnn^porllnn tho vlc^m . 

Once the ambulance reaches the patient, there is the problem of 
^transportation to the hospital. Again, the routing problem arisqs. It 
Is not unusual for an ambulance to take the patient first to a hospital 
which can 'not accept hl»; this even, happened aftt^r Senator Robert Kennedy 
was fatally shot in Los Angeles in 1968. 

Aabu-lanccs are oficn poorly designed and equipped. 80% of the 
'25',000 anbulances In the U.S. are converted hearses, limousines, or 
station wagons. Only one third of ambul^icc attpfTdants have received the 
80-hour training program which is 'considered minimal. FurLhcrmore , there 
is often no direct -communication link between t^vchicle and..ttic hospita 
so that trained physicians caji advise on the care during the travel perio 

I 

At the emergency room 

» » 

Finally, many hospital emergency rooms afe nowy inundated, with ambula 
tory patients or out-patients. For a large fraction of the population, 
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' the emergency room represents .the principal means of access to the health 

care system. From the standpoint of emergency medical care, the ideal 
system (oven if it is too .costly) would be one in whic*h the en^rgency 
room was^ staffed by doctors especially trained for triniraa treatment and 
was used only for its .primary purpose. . 
Final cbmn-.ont ' . 

Tlie system for emergency medical services in the United States is one 
in which local control is the, custom. Consequently, an enormous variation ■ 
in the quality of service has developed, dependent on the unity and centra*- 
lity 9f j-ocal planning, the financial support given by the community, and 
the demands by the pnblic for performance. As confirmed in recent studies 
■ by the National Academy of Sciences, the Department of- He^th, Education 
f and Wolf.are, and tlic \>mite House Office of Science and Technology, the 

result is on the average an emergency care system well below the standdrds 
in other nations (the United Kingdom and the USSR). In many ca^es-, improve- 
ment is blocked/ by the difficulty of bringins together the various groups 
which arc already involved: the local medical society, police, firemen, 
hospital personnel, and "so forth. 

5_; Other Ac ci dentin 

Autoraobiles account for only ^out half of the fntalitier, and serious 
injuries. In the preceding sections of this chapter, vo have focussed on 
auto accidents simply because t,his is the area which has received the most^ 
public attention in recent years. It is also the direction in which it 
seems that it should be possible to make the most inp^o^fe^ent with rcla- 
tively straight for'';ard applications .of technology, new legal and regulatory 
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measures, and enhanced public awareness and- concern. 

•Other areas could be considered. Fire causes, more than $i'^lllioa 
annual daraage in the United States.* \^hile there is still great ignorance 

r 

of how flrr.; start, spread, and can be controlled, there is a variety of 
programs which hold promise of decreasing both' fatalities ^nd property 
losses. A few of these serve as an indication of the promise of this . 

, ■ • «. 

research: ^ ' ^ 

(1) Just the past few years have witnessed the first studies (includ- 
ing computer simulations) to determine the optimum location of fire stations 
an^ equipment withiri a town to minimize .the, expected time for 'the equipment 
to respond to a call. Working for East Lansing, Michigan, a Bureau of 
Standards group has developed an optimization procedure. 

(2) In most major cities, false alarms constitute about 50% of the 
calls. ^ Tlie New York City Rand Institute showed that the corresponding 
loss in performance could be cut significantly by -using cruising^ cars to 
investigate alarms and turn back the major oqulpinent if the alarm is false. 

(3) Once the firemen have reached the scene, fire fighting effective- 
ness can be improved by using hydrants which can be turned on easily by 
firemen (but not, of course, by youngs tors on a hot, summer afternoon), 
slippery water (the water with a polymer chemical added' to case flow along 
the hoses and increase pressure at the nozzle), and robots to carry hoses . 



1. One effective way to reduce false alarmr, from call hexes is to add 
'picturephonc service so the caller is visible to the opcratdr. The 
problem is the maintenance of the picturephonc e.quiprieat . Wnenjin some 
cities the half life of a pay phone on the street, is only a fcwWijirs^, 
picturcphonos are obviously susceptible to vandalism. 
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and equipment into buildings vhen there is danger of the structure 

/' . . . 

collapsing. 

(4) The National Bureau of Standards is now tsying to develop safer 
matches and lighters. The primary goal is to make it nearly impossible 
for a child to ignite *theni, since almost half of the victims of accidental 
fires caused by match ignition are children under 10, while children 
under 5 account for 29%. . 

(5) In the same vein, the Department of Commerce is responsible for 
•setting the standards under the federal FlaEimahle Fabrics program. In 
July, 1972 the first standard was issued for children's sleepwear up to 
size 6 in spite of a vigorous campaign by. segments of the apparel industry 
to water down its provision. An attempt was made to phase in the standard 
by requiring immediately that all garments which do not meet the^standard . 
through 50 washings must carry a label warning the purchaser to keep the 
clothing away from high heat. After 1973, all apparel sold must meet the 
standards.*^ 

(6) In many cities a major effori is underway to determine appropri- 
ate building codes to control the "effects of fires in modem skyscrapers.. 
Two serious problems have appeaired in recent years. The first difficulty 
arises because smoka tends to -fill the stairwells from the floor on which 
the fire is located. The occupants are then blocked from using the stairs 
for encrgency exit and smoke con be carried to other floors. The answer 



1 In Enrland in the late 1960's a rigid standard was introduced abruptly. 
Prices of n?lnt niobtclothes rose so rapidly, many :.cthers bov^ht material 

c ually did not meet the standard) and made the fothos at ome. 
The re.uU was no real improvencnt in cl.ild injurxcs and fatalitxes. 
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now under study is "To keep the air-pressure in the wells slightly above . 
atmospheric. If the door to the fire area is then opened, the flow of 
air is from the stain^rell into thats^loor. ' ^ 

A second problem /3rosX with the elevators. In some buildings, 
heat'Tsensitivc call /uttons w^re-^ed: the heat from the person's finger 
actuated ^he button circuit to call the elevator to that floor. The 
device was attractive because there was no mechanical switch to c^:ose 
(and hence to wear out). Unfortunately, with a hot fife on a particular 
floor, all elevators were automatically called to that floor. The ob^^^.ous 
answer here is to return to mechanical switches or- buttons actuated 'by 
the change in electrical capacitance when a person's finger comes near. ^ 
Furthermore, computer-controlled elevators should include special programs 
which take over as soon as a fire alarm is given — programs which reserve 
certain elevators for fire -fighting personnel and schedule. others to assist 
^n bui-ldlng evacuation. - * ' J 

'■^^^peciflc examples show the* range o^ current, engineering research 
desi-gSodl to reduce the human and economic costs of fires. Analogous 
programs are underway in such areas as injurious side effects of cheroicnls 
and drugs, both those administered directly to people and those which 

m ' 

ultimately reach people aft^i- use with animals, as fertilizers or insccti- 

r 

cides* 



6. Conclusion ^ 

The most interesting feature of "this field of emargencies or accidents 
is that the major effort by so many federal agencies tc? cut down the 

7 . ^ 

human damages is a remarkably recent phenomenon, llie Washington program 
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is Illustrated by these activities: ^ ^ * ^ 

Auto safety program Departnent of Transportation 

Emergency medical serviced \ ' 

1 'Department of Health, Educatioa 

Chemical accidents j and Welfare ^ 

Fire research — Department of tommerce 

Reduction of earthquake damage — National Science Fouplation 
Control of radiation damage — Atomic Energy Commissioa 
Most of the other cabinet departments and independent a'^encies have najor 
efforts in the reduction of accidental injuries » deaths i and property 
losses. 

Yet all of these programs have either been initiated or at lens t 
gained major status only in the last five years* The emphasis*has giris^ra ■ 
from Ralph Nader's crusade and the. entire consumerism and environmental \' 
movements. To a-scientist or engineer, the most remarkable manifestation / 
is the totally changed, Washington attitude which undoubtedly reflects 
public opinion. * 

Less than a decade ago, science and technology were ^handsomely supported 
by the federal governnint primarily because science was inherently desirable 
and good. Today there is a widespread opinion that science and technology 
must be sel ectively supported to ensure emphasis on developments which 
may improve the quality of life for everyone. Technology is good- inaofar 
as it serves the public purposes science must find an appropriate balance 
between augmenting knowledge for the sake of the beauty of knowledge alone, 
and contributing to the amelioration of major national problems. 

As with. other major social movements, one can trace the consu:::erism 
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phasis far back in history. About 2050 B.C., Ur-Natinr.u (founder of the 



\ 
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Third Dyoasty of Ur) , introduced official weights and measures to restrain. 

• * . . . s 

diishonest merchahi:s. By the Ronan Empire^ the motto "Caveat emptor" or " ' , 

• * . * ■ 

"let the buyer beware" was g6^erally accepted, . . 

> • • • 

What is new in the last five years is the location of this movement J; * 
in a central position on the national scene, ^ By 1:972, 43 of tl^e states ... . 
had governmentaT, of-fices to aid the consuiper 39 federal agencies and ^ " 

« : ■ / \J 

departnents had specific responsibilities and programs, - The public was 

bombarded by relevant news stories in the^press and on tel^vi§idn and 

radio. This change obviously resulted from a variety of social, political, - - 

and economic developments. But any stu4y\o? causes would h^?ve te ;attri- 

■ • • ' ■ . . . . . • \. 

bute major contributions to Nader and^hls^ associates and to the- forces 

brought tb.bear on the goverament by the concerned yoting people and _ ' 

minority 'gi;oups. The national emphasis on the critical impprtartce bf ^ - 

:^ocio-tcchnolo^icnl problems has led to ah in^isj^encfi that^ science' policy 

(as 'Well as e con 01:1 ic policy) accept a responsibility tt) ^co^n tribute to the *• . 
^ % *. ' ■ > i' " • ^ 

quality -of.^^fG** * ^ ' ' 



Yet ^t^iQ^^roUyems are not trivial. ■ Even the siiiiplc, clearly, dcf^nod 

■ . i * . ^ 

problems often seem i;b have no obvious solution. One final cxafnple drawn 

■from the subject of accidtnty. which Ls the theme of thiu chapter ,^.i.tlus- 

trates the difficulty. , . ' . . 

■ , • ■ ■ 

The electric, pop-up toaster has hearting coils surrounding the bread, 
""iff a slice -of bread Is stuck in the toaster, the housewife commonly uses » 
a Icnife or fork to try to pull it out. If the toaster happens to be still 
on, the-re ig a serious danger she will be electrocuted.' Wiile the number^ 
of people iiillcd is-not larg^, this seems like a totaUy unnecessary, risk. 
The tcdinological solution is eaisy. Tlie heating coils are simply 
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encased in a substance which ^is" An electrical insulator tju^t as the coils 
on a range). Unfartunatel>^v there^ are two side effeots. First-, the new 
model 4.S slightly more expensive thai^ the conventional toaster. • Seeond, 
because the insulating inatcrial- also hinders the transmission of ^ heart 
(by a basic law of V^ysicfs) , the- new mojiel is*slower toasting. • ' 

Rdcognizing th^se* limitations , the" apjiropriate government regulatory 
agency really hds -onry one option. ^Tho only way to ensure that the new 
toasters are used .is to require the* safety feature • Such an action :wpuld 



raise' a Variety bf questions: • ^. 

■ ' (D'Is Lhis^ca'rrylng the role of govemTnertt top. fat? Are we using 

' ■ '■ . .■ • <>■" 

govemnient to try fo fjrotcct; .everyone tp • a ridiculous extent. 

... * . '.-^ , ' '■. 

(2) Does the increased cost qf the new model mean that more of the 

economically. disadvantaged are*.noy deprix^ed ■'o?^ j:he .corivenicnce of a t'oaster? 

(3) If todstdr sales are sign5,€i£ia}^tly' rnduccd, s^hat happens to 
emploj^inpnt in the industry? ■■ ' . • * , 

(n) Can the -public be' e.dus^fj ted ox ihforTT.ed about the situation? 
(5) If Roaster use drops, will people find a new way *to accomplish 
the same goal; if so, are even tQore accidents then likely? 
Wiile the toaster ^^xomplc is 'certainly not very significant unless "you 
. happen to'hkve a friend or relative whq. has been a victim of such an 
accident, it docs .point out the difficulties vc encounter as we attempt 
to use tcdinology to decrease the frequency of accidental injury and 
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^ ' CHAPTER 5 • « ■ . 

DECISIONS 

Will abortion be legal? Will a new airport be built a mile off- 
shorfe? I^ile these two questions are certainly unrelated in substance, 
in several states the^* are both strong political issues. 'The abortion 
question oft^en is viewed as a strictly moxal and ethical question^ 

% 

although a different part^of the electorate emphasizes the aspects 
based on social science and medical science. The airport question, in 
contrast, is liksly to depend on environmental science and econoniics. 

The decision in either case (and certainly in the airport problem) 
is likely tcf be based on the public understanding^' of the scientific ^ 
, knowledge related to the issue. Certainly puBlic opinion can be strongly 
directed by. emotional and political ^rguments, which may even distort 
the scientific knowledge. Furthermore, certain questions raay be so 
strongly moral that the scientific elements are unimportant. The has 
article of faith on which this book is based, however, is that' in man^ 
cases thej decision is likely to be better, t^e more understanding the 
public has of the scientific issues. 

The ultltnate £oa1 of technological literacy is better decisions. ^ 
-If we consider the airport-location .problem , techno^^jy can not solve 
the problem—it can not" provide an economic, convenient location which 
does no damage to the total environfeer^t .^echnology ''can present to the 
public and its political process a picture of the options— a model of the 
problem which iasludes the advantages and disadvantages of each alter- 
native. * * « 

11/ • , . 



Furthermore, technology can present some understanding of the 
decision process. Once the problem is understood, how can the decision 
be maae? In this chapter, we want to look at a few of the characteris- 
tics of modern decision techniques. Given an understanding of the 
problem, how do we make an optimum decision? 

1^ Drup, Control as a Decision Probl em 

The quality of life in a large city depends on a host of different 

factors. What fraction of, the people Is on welfare? Are jobs increasing? 
•Are'schocls good? Is health care avsiilable for most of the people?. Is 

transportation cLap and convenient^?' What i^ the air quality? 

These f-actors are inter-related;' When tal^p^action designed 
to improve one aspect, we are like'Xy to have a major injpact on others. 
In this sense,, the eity\is a systoni- lndeed bne ,yhich is incredibly more 
.complex than any system built for the space" prpgr^i ,or in industrial • . 
automation. - ^ , , /, 



This 



in at 



-city system is like an miated ballopn. V^nTen wa push 

^ ■ ^ •.'''///' 

one point, it bulges out somewhere else. If we impri^ve/mass transporta- 

tion (f/r example),^ we are likely to find taxes ri sin?/,', then more industry 

leaving (the city, and finally a more severe welfare and/unemp^loyment 

problem. Better commuter transportation encourages the mid^^'e -class to 

move to the suburbs; in the c^.ntral city, housing deteriorates, crime 

• ; ^ J I • 

Increases, tax income falls, and so forth. , , ' • ,i 

This example alone leads to a very pessimistic attityde: with any ^ 

urban problems, Faybe the best approach" is to do 'nothing. PosSib^ly the 

' • , , '.'■/ 

cjirc will be worse than the disease. ^- ^ ' / 



• Naturally, no one can accept 'such a negative attitude. There is 
a problen, however,, in finding the right way to impact a, city system. 
'What action or combination of actions wi^A yield a net positive benefit? 
Coun ter-in til itive behavior 

Ja^ Forrester has used the adjective "counter-intuitiva" to. describe 
complex systems in which the result of an action is exactly the opposite 
of what onfevould expect from. simple or intuitive .reasoning.. For exainple, 
a principal public effect of widespread' drug addition is crtme, especially 
burglary and robiery. In order to redUce the crime rate, the government ' 

launches a major program to decrease tba supply of , heroin. . As a result, 

/ 

the price of heroin rises sharply, ^and more addicts turn to more'serious 
robberies . The net effect is counter-intuitive; an anti-drug program • 
leads to Increased crime. Furthermore, the higher heroin prices attract 
into the business more experienced criminals. ' With the incentives of 
• greater .profits, criminal efforts too spread the habit among teenagers 
are intcnslf ied# 

Tliu^^ a stronger anti-drug campaign cnn lead to more and a 

larger nuniber-of addicts. One might suppose, then, that the undesirable- 
effects could be reduced by ^the opposite approach: easier access to 
drugs. The British tried this in the late 1960's. indecfd even giving 
drugs to addicts. The result was a rapid increase in the aidicted 
population, simply because of easier access. From the economics of the 
criminal side, when the price is low and profits are sma^l, a large ^ 
market must be created to maintain total profits 'for the distributors. 

Find ing the optimum ' . . ' 

Just the arguments above show that either Ue crime rate or the 
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■^urn^er of addicts depends » the strength of the government «vti-drus 
p„gr^ m a complex «aj--^eth.p^ as sbov-n fn Fig. 5-1. There is a,. 
opel.u. point at vhich we should work. The government control program 
should be maintained at level X. Any change fron this level lu sith" 
direction f exults in a „or.o situation. We can n^t reduce tj>e addict 
population to' zero (any .ore than we were able' to stop drinlcing during 
ProhlMtion): we'hive "to try to locate the best possible gover^ept 



program. * 

Addict population 
or 

Crime rate 




r 



strength of gciyemtnant 
control prograa 
^ Fif M Number of addicts ns it depends on the 
intensity of the control program. 

-The problo. is eJen worse th J described abo'v.. At giyen ti.e, 
ve do not .now the shape of the curve in^Fig. 5-1. All We Unov is that • 
have a certain stronsth or intensity of the gover^^ent control pro.ra.. 
and that -the addict population 'sees tb be at ab.ut a certain level. We 
.ever can .ea.ure the addict population with any real accuracy or confidence, 
Thus, wo only know that^e are located somewhere along the line segment 

of Hg. 5-2. . _„-,.Mnn . * r 



Addict population 



Present f' 
value is in • .< 
this region v.. 



1 

I 



j— Present' Strength of government 

* strength control program . 

rig. 5-2 We extent of knowledge at any one time. 



9 



ERIC. 



14: 



4 

If our goal Is to decrease the. size of the -addict population, wa 



need to know whether we are to the right or the left of the rainiraum of^ 

Fig. 5-1. In which direction should we change the strength of the 

governme^^t control program to cause a smaller addict population? 
» 

The first 'thought might be to increase s.lightly the control program, - 

then measure the new addict populatitn. If^ there were a decrease, we ^ r 

would deduce that we origfnally were to the left of the rainitnum in Fig. 
5_lJ_tiTatr the control program was too weak. By intensifying the control 
program step-l^y-step, we can move steadily toward operation at the miiflinum 

point. , * 

This «earch for the optimum is Illustrated in Fig. 5-3.^Here we start 
at A. We intensify "the co^jitrol program to B*and the population .drops so 
^ we' are at C. , We again intelisify the program, to D, the population drops 

t 

to E. This "search" technique continues until we pass the minimum or - 
Optimum. Then a further intensifying of the control program causes the , 
{Jbpulatiph to rise.^ As soon as this effect is observed, ^ back up and 
rest at (or very hear) the best possible condition. ^ 



Addict 
population 



/ 



\^ Starting-point 




Strength of control program 



Fig. 5-3 Searcii fo;: the optimum. 
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Ls search technique for finding the optimum JLs a fundamental 
" concept of modern teohnology. Thre human being uses this hunt-and-try 
approach in an enormous variety of tasks. When he goes to bed tp "sleep, 
he searches for a maximally comfortable position; driving an automobile 
oa the open road, he tries various speeds until he homes in on one v?1iiph 

I , ■ • 

results in a desirable compromise between driving comfort and desire to 
minimize travel time^ 

Unfortunately, in the addict-population control problem, the method 

■% 

is not very useful, primarily because ofi the fuzzy model 'shown in Fig. 

5-2. We just can not measure the population size wi?h any accuracy or 

f 

confidence. Consequently, when the control program is intensified j(Flg. 
5-4), It is not at all clear whether the population has increased ^r 



decreased. 



Addict 
popula4;lon 



B 
A 



1 

I. 
I 



D 
C 



Inltdlil " ^ev . 
_strength strength 



strength of control 
program 



Fig, 5-4 The problem with fuzzy measurements, 



1. This search technique is the basis for many of the systems designed 
recently for the space program or for industrial automation. The system 
is built to search autoinat ically for the best operating point. TIic fact 
this approach vorks in such cases and fails in the drug control problem 
is a result 'of the much greater complexity of urban or social systems. 
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Initially, vd are located somewhere between A and B. The control 
program is intensified. Six months later, attempts to measure the popu- 
lation show ^e are somewhere between C and D. The two bands are- so wide, 
the uncertainties so great that wX^w^t can not draw any conclusion. 
Furthermore, in that six-month period, other social and economic changes 
have occurred which may well have totally overshadoxjed the effects of the 
change we put into the system, * 

Thus, we are faced with a problem in which it is probably impossible 
nto find a best decision. ' % 

2. Complexity of the Drug-Control Problem 

As described above,' the drug control problem is enormously simplified. 
We have assumed there is only one way to impact the problem: we can 
Increase or decrease the strength of the government control program. 
Similarly; we have used only one measure of the seriousness of the problem: 
the addict population. Even this seemingly trivi>l problem appears to 

*be insolvable. • 

'in actuality, the problem is enormously, more complex. Even if we 
restrict our attention to heroin, there are many different parts of a 
government control 'program. A decision on an optimum program has to 
include descripLiouf^ of what effort to put into e^^ch of the various 
directions. Fur'thcrnore , the seriousness of the problc:m is also multi- 
dimensional (If vc use the terminology of modem tedinology, where we 
simply mean that there are oany different measures- whi ch must be considered 
to obtain an overall picture of the magnitude of the problem). 

First, with respect %o the various dimensions (or parts) of the control 
program, the government tries to' impact three separate parts of the system: 
(1») Manufacture ~« 



< 



146 

(2) Distribution ■ ' - ^ 

■ » ■ ■ . 

(3) Addict treatment 

In the area of manufacturing, there has been considerable publicity 
given recently to t'he U.S. attempts to reduce the poppy growth throughout • 
•"the world. The U.S. relations with Turkey, northern Aftica, and south- 
eastern Asia have been strongly influenced by the problem. (Burma, 

• t . 

Thailand, and Laos represent the m^or opium production centfer) . With 

« * 

the improved cameras now used for satellite ohservation of the earth's 

1 

surface, it is possible to determine the locations of poppy growth. 

The prop^al has been made^ in the press that the U.S^. unilaterally should 

eradicate the poppy crop in any nation- which refuses to control growth, 

V 

through use of selective herbicides 'and biological methods. 

There are two obviOL^pjeaknes^cs in any proposal ,of thfs sort.^ First, 
vhat right docs the U.S. or ^y group of naticns have to control the 
agricultural* activity of another ^try? Second, and perhaps even more 
. important, the prices paid for heroin in the-U.st are slgnifl^tly V 
highe^ian anywheli else in the world. ^ Consequently, a shortage of 
heroin will havg littl-c eff^ on the U.S. suppl-y unless the, scarcity -is . 
acute. It has been estimated that 95% of the world's poppy crop would 
have to be destroyed before there was ^ sigrtificant decrease in the U.S. 
availability of .heroin'. The poppies can be gro^v-n in relatively small 
-and isolated fields; only 10 squSre miles are required to supply the U.S. 
addict population of 560,000. l^hus , crop eradication seems totally 
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1. Different agricultural products give different phoLosraphic si gnatures— 
that is, different combinations of color and heat: radiation. 

2. The U.S.- addicts conS'ume between 7 and 10 tons of heroin a' year, an amount 
made from at most 100 tons of opium— a .small fraction of the 2500 tons 
produced annually in the world. 
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unptdmising unless one.^Bfres the global view that it would be desirable 

to reduce the worldwide supply of heroin. \ 

The manufacture phase encompasses not only the growing of popples, 

/but also the processing of opium to create the heroj^. Again, it is 

-TTxtremely difficult, if not impossibly practically, to impact this system, 

with its many small, low-capital businesses scattered so widely over the . 

/ 

world and with the extraordinary profits associated with sa»s to the 

• ■ ■ . ' ^ * 

United States. 

Because of the 'publicity given to the manufacturing in Marseilles, 
France, a Long Island group compaigned during 1972 for a public boycott 
of imported, French- wines until the .French government closed down the- 
processors in that 'country. Even if such a boycott were effective, there 
Is no indication that there would.be any significant change in the U.S. 
supply of heroin (although there might be benefits for the New York 
and California wine growers— one would imagine they would be enthusiastic 
supporters of the boycott). 

If the manufacturing part of the/system can not be significantly 
'affected within moral and dlplonatic constraints, perhaps the distribution 
network can be. Tlie first thought is to close"' the source of supply at 
the poin^ of "entry into the country — specifically at customs inspection. 
Compared to most of the other advanced countries of the world, the U.S. ^ 
" already subjects entering travelers to an unusually thorough inspection 
..of luggage and packages. To detect the snuggling of heroin in modest 
quantities would require careful searches of the persons of all cij^crants. 

Such a procedure would certaii^y evoke loud complaints frm individu- 
als c&i»«einod with the inconvenience, lon^^tine delays in clearing customs. 



ERIC 



14^ 



and mtringomcnt of individual rights. In 1972. the very cursory exam- 
ination of carry-on luggage at airports in the hope of deterring potential - 
airplane hijackers led to a series of court actions arguing that'^he 
gdvernmint or airllj.e has no right to search personal belongings «lthout 
the consent of. the omer. (Incidentally, these inspections did also 
uncover numerous cases where^4r travelers were carrying illegal drugs, 
even though choked baggage was not opened and any Illegal materials could 

have been slvlpped there). 

Affecting the distribution system after the heroin is in the country 
is equally difficult. Even when a distributor «r retailer is arrested, 
he is often free on ball within or two at the ^'st. The Japanese \ 

have taken- the approach that the arrest can only be effective if the man • 
is kept o'ff the streets long enough s'o that the distribution chain is 
broken longer than the addic^^««^tolcrate. Consequently, they use a 
, special E,nperor's ariest, which allows deteutlon for four weeks without _ 
bail. A similar procedure in this country would certainly generate ferment, 
and solid objection? l^n those deeply conc'ern'od about our phiiosophy, 
th^t a man Is assuiBod innocent, until ,actunlTy proven guilty. 

A basic problem In impacting aistribuUon is that so little apparently 
is k^ow^; about the detailed structure of the systpm. in o,der to d»crcase 
the signal flowing through a system, we need to understand the various ,. 
routes fro» source to consumption and the fraction of the flow along each 
ot the alternative paths, o'herwise. we are likely t'o exert major effort 
to close a path which Is. actually minor,' or which can easily be bypassed. 

' One proposal to learn more about the distribution network is to allow 
known manufacturing plants 'to continue operatin's, since sh~ittlng them would. 
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not decrease supplias much anyvay. At these factories, aistinctive 
radioactive, tracers would be added to the heroic . Tlien, when ar supply 
with this tracer is found in the U.S., we would, at ^leWfc^ know the original* 
source. Hopefully, over the y^ars, a picture could be constructed of 
the distribution network., • . 

Finally, the governnicnt can also attempt, to influence addict treat- ^ 
ment, or nsore generally the population of addicts. In addition to the 
various rehabilitation and maint<|nance programs, such as the methadone 
effort, w'e vtould include here the educatibh programs now becoming so 
commonplace ,in tb.c schools. « v 

Evaluation of these education programs is^no easier than many other 
educational endeavors, and serious questions have been raised as to the 
usefulness of scl¥)ol courses.. There is a trend toward moving $uch efforts 
from 'tiiie' high schools into the junior high schools and the upper elcmcntajy 
grades\(drugs arc th'e major cause of death in New York City betweeti the . 
ages of as and 30, so the emphasis is on starting the educational effort 
when the student is entering hi3*' teens) .■ ■ *« 

■Even the vi^ry brief discussion of the>*rug- control problem in the - 
preceding paragraphs is perhaps sufficient to enip'hasl'ze the awesome 
difficulty ot ci/olving a ratiojial federal pulley. V'e have-not ncntioned 
the major sociological and psydidlogical probl&ns: what factors in the 
environment or the individual personality place certain youns people in 
a high-risk category? What social, cducatiopal, and home life character- 
istics can be strengthened to reduce the number of young people using drugs 

'fh broader terns, this country ^nccs the fundamental question: Is 
drug use an epidemic whi^i can be- eradicated, or is it a natural consequenc 



of our .present way of life? If .the latter, does this ipeaii that we have 
to accept a certain level of use and addiction in the foreseeable future? 
If so, 'our efforts should be directed' toward dcrcnT>ination of that miniinum 
level and the national and local prograins associated with it. 

These first tuo sections have discussed certain aspects of the drug- 
control program in brder to (rmphasize three char^icteristics which are 
associated with so many of the decision problems discussed in this boolc'. 

(1) The existence of only the vaguest and most inadequate models- 

(2) l-he importancci of probabilistic situations-*-we can only speak in 
terms of probability; Ve seldom work wit^situations -in vhich a, . 
^certain^pcllcy can have one and only one result > 

-(3) Tlie fact certain problems may ju^ t not be solvable, at leasftnot 
the wny we would wisn* 

. In- the drug-control, decision problem, possibly the . dominant feature 
is'thc nearly total'lack of reliable, quantitative inforrntion for tho 
model". Very^ very little is Veally V.novn about, the system. Any quanti- 
tative model muGt include laany estimates or guesses about particular *^ 

parameters. . ' * ' 

T!ie fact that the model is so' susceptible to error always raises 
the question: is there any real value in using the n^odel as a basis for 
decisions? Since we admittedly know so little about the system, might . 
we not make better decisions merely by using our intuftion or our "fecl"^ 
'for the problem? Docs an att^impt to be quantitative really help when the 
problem is so poorly defined? 

There is no simple answer tS these questions. Tliere obvioysly are 
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problems in which th^e hunch or intuition of thef person who has to make 
the decision is at least as good as a nore logical or analytical approach. 
Man is remarkably good at making decisions just by thinking about a 
problem long enough, , 

. % 

There are, howe^r, many decisions in which the more information wc 
can obtain, the better the decision. As the amount of relevant data grows, 
it becomes more and more difficult for a human being to make a logical 
decision. Then he has to turn to mathematics or analysis; if tjjp data 

« 

• are sufficiently plentiful, a computer beeomcs essential. 

This concept of '/the better the? decision, the more, relevant data 
* upon which it is baaed" is illustrated by a famous problem in decision 

theory.^ We are. all directors of the U.S. Widget Company, the manufacturer 
of an outstanding line of widgets. As often happens with a Board of 
Directors, we have no id^^ wliat widgets arc or how they are made. We <Jo 
'((i^Swa»at the company -q^n produce'' exactly 200 each day. Furthermore, the 
widgets arc made in tl^rcc different colors:^ red, white, or blue. Because 
tjic manufacturing pioccss is so complex, each'^ dajt the company can^ make _ 
onlY one color. iffiaL is, all 200 widgelrs made on any one day must be the 
saiac color. 

Lately,' the top management andBoavd of Directors have Lccn diccppointcd 

t 

• by the'laek of growth in sales. We'^elieve that business and economic 
growth<is an essential characteristic of a healthy organization; otherwise, . 
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1. A fuller discussion is given by Myron Tribus in the TJ^Trj^.ctions 
on Sv.tems Scicr.co and ^r^ovx^tU^ SSC-A, 3, 9/68. 241-^8. Setween 
i^'i^as"^v;Tn^rln'r, daan at Dartmouth and Xerox vice-president, Tribus 
was Assistant Secretary of Cor.mcrco for Science and Technology. I^^^at 
capacity, he made inporiant contributions in his attempts to apply decision 
theory and enclne.^ring concepts to ir^portant socio-technological probh>ms- 
C.g,. the establishing of flammability standards for infant nightwcar. / 
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new peopie can be hire'a only when someone leaves or retires, and the 



organization te/ids to be increasingly doninatcd by old men. To stimulate / 
growtii, we or^ the Board have just authorized the sales force to launch 



\ 

a 

campaign based on the promise: "Double your money back ii we don t deliver * 
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an order within 24 houvrs." Obviously this is a dangeroj^? campaign; \t 

theVoVany'is too successful, it v^ll'-go bankrupt simply because of the/ 

liral'ted production capacity: But desperate measures are needed. 

/ When the i'oard approved this 'sales campaign, it discussed rft length 

the problem imposed by the limitation that widgets of only one color could 

be manufactured .each day. ^ 'it v^as obvious to the Bo^Td that fhe decision 

each morning as to what color to make that day would bC; critical to^^e 

company's sacccss! The color manufactured must be thai which will niniml^ 

; , . . . V 

the possible loss resulting from the "double your money back" s^arantee. 

'With customary modesty, the Board decided only it ^ could make the -.. 
decision. Consequently, at 9 a.m. ' each morning the Board meets to vote 
on which color to make that day. 

. We.^ow have completed u/o- background for the decision problem. The 
Board convenes the first morning to vote, "ihc Prpsidcn.t of the coir.j^any • • 
has anticipated that- the Board m-r.ibers will h'ave no idea how' to vote unless 
they have 6oma information/. Accordingly, at 8:45\hc palled the warehouse 
and asked how many widgets of e4ch color ^re tKon in^stock. Tlie intmbers 
he reported to the' Bonrd are: 

Red ' White / ' Blue 

■ V ■ , ' 

Number in stock 100 " 15Q ' . . • ' ' ' 

The Board mot and ieamcd the above data. The .discussi-Dn was brief , . 
(there really wasn't much to talk about). , Everyone who votftd seidcted Blue. 
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Several mcnbers refused to vote; they claime^d they didn't have sufficient 
Infonnation to raake an intelligent decision. Actually, by refusing to 
vote, they really were saying that they would leave this critical decision 
to the other members ;1 presumably the non-voters felt that they were 'less ^ 
able to make an intelligent decision than their colleagues.' 

During the -discussion, several Board members deraanded that they be 
provided with aore information. It was finally agreed that, as soon as 
possible, the Boar3 would be told not only the current Inventory, but also 
the average daily selling rate over the" past-six months. A few' days later, 
the* follo%v*ing information was presented to the Board: 



Number in stock 

Past average daily selling 
rate 



Red 


Write 


Blue 


100 


\ 150 


50 


50 


100 


10 



Now the vote was no longer unanimous. TTie majority selected J\T^ite^ 

(which indeiid is ^mathciT.atically the best or optimum decisioii on' the basis * 

' * » • 1 

o| these data only).. Severc^l, hbwcvur. still Voted for Blue' or favored Red. 

The first line is the same as in the first vote. Does the fact that, 
people clMngc.d their winds bncnuse of knoving .the addil ional data iu<iaA ,'. 
that the earlier dccir.ion for Blue was vrmig? Of course not. Tf^ simply 
means that additional data allov a more inTolligent decision. As the 
Bo^rd members learn details' of the model which describes the system, they 



11. lliis entire discuj^sion of the w3dnets problem can be n-.ore effectively 
presented in a group or cla^ss discuf^i.ion. Tnc group served as 'the Boarik 
of Directors. After each vote, a spokesman or two ironi each ^cnnnt is 
selected to aycseuL ari',ur.ents for. his vote.. After these arguments and 
'discussion, 1 revotc is taken before* the next stage of data is presented. 

. • ' \ 



are able to- make better decisions. On^ has to make the best possible 
^ ■ , ' . ' ' ' .> 

decision on the basis of the available information.^' 



Impressed by the mora knowledgeable decision they w^re 


able to make 


>with more data, the. Board then requested any. additional infornjation the 


management could provide. Several days later, the 


M > 

following model was 


prescntfed . . . ^ 








' White 


. Blue « 

' — ' — 


Number 'in stock \ ' XOO 


150" 


50 ' . ' 


i 

Tast average daily* selling rate 50 


100 


10 ' 


y r ^ ■ 

.Average lot size / • - ' 


20 


20 



For each color, the averane lot si«c was dctermined--that is, the total 
number ordered over the past six months "divided by, the number p£ orders. * 
Wlicn people buy Red widgets,, they^'fend to order large numbers. 'With Red', , 
' there are on the average- only two ordpr^s every three day^, vhcrcas vith 
Wliite VG can anticipate five orders a ^^y, ^ J ' 

Confronted with these data,' spvcral of th^ "^oard members pondered 
for a long time. Qnp member expressed the wis^h that h^' knew more ■ about 
the^statistics of the syBtcuxT For exnmplo, how often can we expect two ^ 
orders f^^^cd the same tlay; how often 'do day.'s orders" exceed , the number* 

' ' ' • 

now in stock. , ' . 

"v 

Wlicn the vote was finally taken, the 24 directors divided 9 for Red, 

• , ' \ 

9 for. Vnii'te, 3 for Blue, and 3 refusing to vote. Afttrr efTprts ,to convince 
the throe abstainers to vote failed, l.ricf, arguiflrnts were heard fqr both 

• Red and Wiite. Then the^Directors were, asked t5 c^ioose between these two 
alternatives only. The winner was Red. (The result again is actually 

i in agreement with "the optinura obtained mathematically; the human being 
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is quite good at optimiaation) . 

As the directors were preparing to adjourn., the phone rang. It was 
the' stai: salesman calling to report that last night he had been successful 
in landing an order for 50 Blue widgets . Sincfe these were now sol^ and . 
the day was just starting, the data above really should be changed: ^\ 



Number in stock 

Past average daily selling rate 
/ Average lot size 
Number sold before day begins 



Red 


iN'hite 


Blue 


100 


l\p 


50 


\ 








loa 


.10 


75 

* 


20 \ 


20 


0 


0 \ 


50 



\ : 



The Qiairman of the Board hurriedly called for a revbte. What do Vyou 
suppose the result was now? UTiat would it. have been if the last s^e had 
been 60 Blue? AO Blue? 
-Com mentary • 

Tlie intcrc^ing 'fciiturc of this example is the way the decision changes 

r ' ■• , 

'as, more data are collected. At each stage, the decision made* ih correct;, 
it is optimula. As. we know more, however, we can make a more learned or 

• * 

more intelligent decision. But even the smallest quantity of data (the 
miniber of each 'color now in stock) permits a better deciiiion to ^e made 
than with no data available at all. r 

The fact that the new data at each stage changes the decision means 
only that these new data are thernsclves sufficiently improbable that they 
do chanc'o the structure of the problem. Wlu'-n ve make the first decision 
-on the basis of only the number in stock, we assume that the average daily 

4 

selling rates are essentially the same fpr the three colors. To change 
the first^decision, these rates have to' be markedly different .(as^they 
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actually are when wc have selected the numbers for the second row). 

Thus,- the argument of the decision theorist is that one, should make 
the optinun decision on the basis of. as much infomati'on as can be obtained. 
In broader ternis, the cost of collecting more data must l?e welgh.^d against 
the increase in the /alue of the decision resulting from that. better ^atar 

Eveft in the widgets problem, the Board. can damand so nuch <iata that extra 

I / ' / ■ 

people have to be 'hired just to colloot/ information. At some point the 

cost of data collection exceeds the added -(^alue. *. , • . 

Fur the more, the example -demons trajtes the, increase in th^ dif f icuj^ty 

of decision-making as information increases . The simplistic solution is 

.•■'/'./■■■ \ 
^always easy to find; one needs to know practically nothiijg, and one's y , 

mind is. uncluttered by "confusing," contradictory facts. As we^lea^ ^ 

more about Significant dec Ision- problems , hov.'eyer, it b.ccomGS clear that 

there is no obvious answer. V.e alv;ays have to strike the best possible 

doinjironiisc .among the cojiflicting demands and pressures. ' . 

• . ■ ^ 

,' Even in the simple widgctS 'problem, a slight incroas^e in information 

■ • ' • - 
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wowid move the problim beyond the Umits of ordinary human understanding, 
^or instance. If* for rows . 2 and 1 ve give not only the 'averages but also 
the probabilities of different amounts, the problem is so complicated 
that a computer is desirable *to find the best decision. TliGn wc, must 
also decide' firmly on what we wish to optimise": do we want to maximize 
the expected comj)any profit for the .d«3g^ or to minimize the possible losses 
from inability to iill' csdersf In other terms, wc must select the gritoripn 

♦ 

for determining the best decision- • 

I \ ' ■ ' I ■ . . , . , . . . 

The ■ widgets problem o^^itomizes an important object of .this bock 

the demonstration that the wisdom of decisions increases as the 

■ ic^' \ . 
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understanding of the 'system becomes more complete. 



„ 



4. Simple Choices 

^ The .easiest decision's are Chose from ar.ong a small number of chpices. ^ 

In this section, cite tw5 exainpXes of such decision problems. Each 
'of these depends strongly on the concepts of probability and statistics. 
' In the latter, the best decision depends entirely on the. prpbabilities 
we assign to various .events. In this sense; the thre^ ex^ples illustrate 
•a Critical feature of most decision problems: we havf to make decisions 
on the basis of what will probably happe^^.in the future. 
Election-nipJit predictions ^ « 

In the United States, we are now accustomed to relatively brief ^ • 

electioif" evenings. Shortly after the polls close in* any state, the 
television networks are predicJiing the winner and estimating with aston- . 
ishihg accuracy his final percentage of the vote. A major ^problem arises 
. because of the speed with which n winner is deblared; in a nationhl^electibn. 
,the winner is usually knbwn before the polls have even closed in the . 

Vestcrn state's i. " . , 

^Thir, system of high-sp^ed pre,diction is qJite new. As late as the 
' i964 elections, each network coUccted vottx information independently. ^ * 
Then the Is'cws Election Service (|KS) was orLized;^-ov; tfac three " neU^orks 
and two wire services Veport ' for ^eaa. state o\j^the vote totals which 
■ come from NES. (For thi^ reason, the totjils shown to tlie public on the 
^ne^ks are the sar^^^ring the evening). lHus, there is unified coverage 
of ^the 175-,OQO precincts' and 3000 counties throughout the country. 

Freed of the need to collect vote iptals, each network focuss^s its. 
Efforts on collecting data^apprapriate for predi^ion of' winners. The ^ 
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prediction is based for each state on 50 to 150 key precincts. For^each, 

• a matheniatical model takes into account the voting pattern in previous 

* .elections, the pre-election polls, and the returns on election night as 
^ phoned in by network observers. - - 

^ >Trom the results from these key precincts and a study of the state 
as a whole, the' computer develops a prediction. This model also takes 
into account the effects of the weather and other factors influencing the 

t 

t 

voter turnout. Hie computer prediction then represents an optinium decision 
based upon the probability that the behavior of voters in other areas will 
follow those in the key precincts. Actually a winner is not predicted 
early unless the model shows at least 3 or 4 percent difference in order 
to allow for errors. 

Thus, the only circumstance under^'hich the computer-model prediction 
■ will err would be if there were significant, unanticipated factoss which 
Invalidate the choice of key precincts. For instance, if, the population 
of the state is 20% Catholic, one candidate is hegviay favored by Catholic 
voters, and the kay pre2:incts contain vei-y little Catholic populatioi^ 

the- coriputer prediction'mi ght be grossly in error. Hence, the major effort 

\ - 

before the election is to ensure that the key precincts chosen are really 
reprcsonl;atiye. ' 

nie second example involves the selection of a route for auto travel 
from a finite set of possibilities. A specific example is shown- in Fig. 
5-5, whieh is a map of 'the nain parkways fron Huntington, Long Island to • 
LaGuardia Airport. The driver, situarted at t^e start point, has a numiier 
of decisions he raust make^to "determine his route to LaGuardia Airport^ 
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(35 miles distantX- " • 

There are two principal routes "west: segments bcgjlm and adfilm. 
At several point^^ hpwever, cross-overs are possible. As a result, the 
relatively simple decision problem actually has 18 different routes which 



we can ennumerate. 



acgjlm 

acgkm 

ac^bilm 

adegkin 

adcg j Im 

adeghilin 

adfhkm 

adfhjlm 

adfilra 



bcgjlm 

bcgkn 

bcghilm 

bdcgkm 

bdegjlm 

bdeghilm 

bdfhkm 

bdfhjlm 

bdfilm 



Tl^c complexity of the problem is noteworthy. Even though we have 
omitted any possibility of travel on local streets, there arc 18 routes 
from which the driver- mist choose. (Actually, even if we consider only 
parkways, the Long Island network is much tnore con3pli|x than shown here; 
we have simplified by .considering only routes which are very close to the 
minimum mileage). 

« 

In any decision process of this- type (the d.oice of one from a munbci? 
Of alternatives), we first search for a way to sir.pUfy the problem. U 
' there any way to^break the complex problcn do.-n to a ?et_j±_^^lo^j2IS:bl^ 
Two decisions, one with 2 alternatives and one with 9, are easier than 
one decision with 18 alternatives. - . ^ 

Fortunately, this problem of Fig. 5-5 can >e ii^T.^diatcly decomposed 
into two successive decisions: . , * 



ERIC 



* ' 161 

How to travel froai S to A? (2 alte'tnatives) 
Hqw to travel from A to the airport? (9 alternatives) 
We have viewed th'e' problem as a F.ulti-stpge decision in the language of 
decision theory., In other words, we view the travel in trJrr^^ages, rather 
than as a single, overall trip. First the driver chooses between a. and b_; 
then he chooses, his route from A to the airport* 

Tlvis decomposition or breaking do\/n of a problem can often be carried 
much farther than in the above example.' For instance, if the driver knows 
that segment j_ is almost always seriously congested, he may decide at the 
outset to reject any thought of travel on this portion. Then the problem 
is sho^m in Fig. 5-6. . ^ 

Now there are two intermediate points,. A and B, through which he must 

pass. Hence, the pfoblcm can be broken down into a three -stage decision: 

S to A 2 alternatives ^ ' ^ 

» 

• eg 

A to B 3 alterrnatives deg 

dfK 

km 

B to Airport 2 alternatives 

The drivor makes Uirec decisions, at S and A and B. Xlie three small 
problems arc much simpler than one large probllm with 12 alternatives 
(if i is omitted in FIs- 5-5, there are 12 rather than 18 routes, as 
indicated by the listing at the beginning of this subscctipn). 

Once the probleni is* structured in this way, how does the driver 
actually make aN^lsion? For an intelligent decision, he should have 
information about \tt congestion existing"^along each of the alternative 
routes. For instance, as he leaves fi-om S, he has to decide between a_ 
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and He needs to know the traffic- congestion on each of these segments* 
' px mos^such situations, the only infonaatipn the driver has is that 
derived ^Hlm his pa^t experience in driving these roads at this time of 
day and under these weather conditions. Unfortunately, this experience 
may sisifply tell him that there are tremendous variations from day to day. 

At several locations aro^und the United States, there are now appearing 
1^ attempts to give the motorist more information on which to base a decision. 
When an urban parkway may cost as much as $3® million per mile, quit^ 
elaborate Qonmunication systems can be added at a cost which is relatively 
trivial. l"hus, we are beginning to fii^d electronic systems which measure 
^ traffic flow rates further down thej highv.'ay. .Then at the decision point 
S, the motorist is informed by an electric sign that trliffic i'te moving 
at AO upb a|i a, at 15 mph on b^- Tiie signs can, also indicate the location 
of accidents, disabled' cars, flooding, fog, or other factors affecting 
af f ic flow, ^ 

Tliere is one serious^ problem with such information aids to dccisitjn 
making. Unless the signals sent to the motorist anticipate or predict 
motorist reaction, the systen is ppt to be unstable. If the travel time 
on route a is much less tlj|in b^, most motorists will select a^. Within a 
few minutes, £ will bc^ terribly congested .vjhile spced.^ on b ri^c rapidly. 

The system can be desij'.ned 'to anticipate thin human response and, 
for example, warn against travel on £ junt before conf.estion \hcjj^ reaches 
a serious level. Alternatively, sbnie human drivers v;i31 learn .to behave 
in just the opposite of the nornal response nnJwill thereby benefit 
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' maximally from the systen. 

The dominant characteristic of j;his route-selection decision problem, 
Koweyer, is that it is a probability problt^m. Even after the problem is 
broken down into a set of simple problems, each of these must b^ Viewed 
in terms of probability. Congestion and accidents or other traffic tie-- 
ups can not be predicted. Hence, as this driver considers his choices, 
he must decide (from his 'experience plus any information available) which 
route is probably favorable. 

Just because the decisio^ is probabilistic, he can ' do no 13^0 re thau^^^ 
^optimize hie probal^ility of reaching the airport in the ^minimum' time or 
with the least annoyance. Regardless; of how intelligent the decision, 
thc^G is alv;nys the possibility of " a disastrouf^ delay on any route he 
may choose. If he drivcf; tl^e route frequently, he pan only hope to make 
decisions vhiol:i over the long run will result in the roost satisfactory 
trip. 

■ \ 

5^ One Man, Oik^ Vote ^ , • V. ♦ 

During i]\c last decade, widespread publicity has been given ta-tlic'' 

^ ^^^ / f 

"one-man, one-t^ote" concept — the idea that in an election or voting^ ^ 

V . 

situation, each vote should carry equal weight. llie problem was f^pU ^ 



1. The dcsira!>Uity of responding irrationally to certai n' itif ormation ^ « 
appears often 'in systen studies. One^of the hcr.l o&iimplcs -is in cai?cey 
selection. Tlic best tiu:e for an tjntering college freslinan to choose 11 
certain carcnir }v> of ten ^:hen there if^ nrnxlinun publicity about unemT^loyinant 
and oversupply^of personrjel. , Foip- years later when he graduates, tli^e^ro'' 
. is likely to be a severe iiiaapa^?er shortage v;ith resulting inultiple job 
opportunities and high salaries. Unfortunately, career counselors oftc^y^. 
seem to overlook the importance of'tlie osci^^lating nature of employment* 
and the time delay inherent in educatioa. - %^ 
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highlight^On t|ie legislatures of tV^e more populous states which had 
bot'h rural^fc urban areas. Because of the historical emphasis on 
/ propeitty. ownership as a criterion for voting elegibiMty and the 

strongly' agricultural character of the country as recjenCly as the 19th 
century, the rural parts of the state often dominate^ the legislature. 
It was not unusual to find a rural legislator representing 5,000 people, 
while his city colleague spoke for 40,000. Jvliile the totcO/statc popula- 
tion might be nore urban than rural, legislative actions strongly favored 
the rural sections and often resulted in only passing aj:teution to the 
increasingly critical^ city problc.ns. 

.A series ^f\ourt decisions led to the onc-raan,, oife-vote concept. 
Tiie legislature had to be apportioned in such a way that each representa-^ 

live speaks for approximately the same number of people. This same idea 
n ■ 

then ^^^as ex-te^-^ded,. to a wide variety of dec! f^ion processes with gGiireral 

, . (' ' ' / ,y 

; ' .acceptance of the •principle that decisions made by the public or Its 

|:'cpreiientative§ should JjG- based on the one^an, one-vote concept as far 

' * at 

as possible. 

. . , „ ' V . ^ 

Very often' in d.-ci-sions ^elatin^ to socio-technolggi cal problems, 

. tlre'conccpt of one-riaft . one-vote^ doer, not result in a f air -treatinen t of 

. • - . . ■ .■ ' ■■ 

'*air interested pni*Lic;s. lie decision procpr-s is strongly affcctqd by 
V . , . « ■ _ . ' t 

• bloc voting, whf-n a.sub-groiip has a cQinmon interest and always votes 

together. ' In ordc»r to. -have equal '.f cpfesdntation of each voter, we have 

* \. ' ' ' -s • '. ' ' . 

to anticipate the wav baJc^' vil i ' fort> and set' the decision-making rules 
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accordingly. 

In the* following panagra^hs, we c6nsid*r one example which illustrates 



the problem* Our goal here,^ however, is m^^he study .of the effects of ' , 
bloc votxQg, hut rather the recognition that decision-naking. in competitive 
situations has, to be organized vej;y,, carefully ii we are'to be surfe that 

■ ■■^ ■■■ / ' ■ ■ . ' ' 

the ultiinatfei decisioa ,4oes repre<5eat, the best possible contributions fjom 
all Interested parties. ^ . 

Potomac River ecology project , ^. .». » 

* ■ •' ^ . ' - ■ .1 ■ • ^ 

The Potoiiiac Ri,vcr basin- of primary interest to r/&sldents of 

^ ■ / ■ 

Maryland M l^^ennsylvaa^jia ^ -Virginia , / 

West Virginia District of Columbia * 

Recognizing the Intcr-^^Jtate ^robleir^s and the :y6portapcc of ecological 

planning, Congress passes legislation establishing a coitimiSsion to* develop 

policy and regulations to control the use water, the allowable-' 

effluents from towns ni;jd ihdnstfies al6ng the ^iver,/ and t^he development ^ 

of palhs and recreational areas'. < \ .\ '{ . • 

The framers of the legislat ion bGliGve' tliat a ^omr.ixKsion ' of > 11 , members 

is the largest worknble size. One .member represents the U.S. governir.ent 

and Is appointed by the .President . The other ^ten /Tnembcrs are eleiatet^ "by S'- 

the people directly concerned . according to popu] at i on wi th J:]ie result 

' ' , .^.^ ' / 

i >. ' * ' . 

that the membership is allocated by states:' - . 

Maryland 3 Pennsylvania 1 Virginia - 3 ^ »^ 

. West Virginia 1" District^of Col\inbia - 2 ' >.\ ' 

• , ' ' It' • ' ' ■ ' ' ' 

;The authors.. qf- the;Mll setting up the comlssion vant to be sure that * 
' ho: one gl^oup domxnales the decisions, so 'tl\e rccjuirement is imposed -th.-^t 

'ariy depis^ibn must b«^,made by a ' 2/3 ^laAjpi'fty 6f the fuljl group» or by 8 

votes. ' i ' V ' . • » s ■ ; 

Thus, th'^e comiqission is. established with catef ul^egVrd for tj'e 
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one-man. one-vote concep't, and' the ruK^s arc. sot to be sure ^hat any 

decision does represent fctig^tudied opinion of at. least 2/3 of the member^. 

Ihe legislation seems to be ideal. , . 

The problem of blocs -, ' ; 

Shortly after the, commission starts operating,- the . tW\ representative's 
of tl»e District of Colvnnbia and the Presideatial appointee aie dismayed ^ 
that they have no real voice inmost of the dcci^i^r^ has fiappened 

Is that the interests of Maryland and Pennsylvania are usually the game, . 
and these ddfegates regularl^ vote together. Similarly, Virginia aijic? 
West. Virginia at titudc55' are parallel. As a consequence, there are 

actuality four voting blocs: 

'. ■ i> . . ■ ■•' 

■ Maryland <- Pennsylvania A 
Virginia - V.'eSt Virginia 4 
District of Columbia 2 
-,r U.S. rcprcsentatiW*^ 1 

. With 8 votes needed for action, a decision is only possible if there is 
■^agreement by the flr\t two blocs. _ l^ow the D.C. and U.S. delegates vote 
is totally ^Tnmatcrial.' 

- ■ Frustrated by their helplessness, the D.C. and U.S: representatives 
ask Congress to amend the legislation so only a majority vote is needed 
to pass a measure. . The other 8 delegates object, claiming that this 
vould give unjust power to the minority nenbers. Is this true? 

« 

Analysis 4 . 

To decide on thV^airness of the proposed rule that a majority is 
needed tb reach a decision, we might'look at all the-vays a proposal can 



pass. Those voting "Yes" can be : 
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11-0 



10-1 



I * 

\ 



Md-Pa 'U) "^-^^^^^ ''''''' 

Va-Wa (4) • Va-Wa (4) 

US (1) 

» ■ ^ ^ 7-4* * 

* . * * ... vM-P. Va-Wa (4) 



lid-Pa (4) ^ Hd-I'^ <^^> 

Va-Wa (4) 



DC (2) 
US (1) 



6-5* • 



, 6-5 



Hd-Pa (4) ■ Va-.^a (4) 

DC (2) ^ 
^cre'are8vayBa~ccanpnssunderthc.a3orityrulo. ' ^ 

- xn ho. .any o£ those do<^ the. Hd-Pa bloc, have .he. deciding vo.e. 
... .3. i. how .any echinatio.. docs .he -Ve.' vo.o o. Md-Pa re..U .n 
- p.ssa.e. The. are^.o. cases sho.n ahove hy .he a.e.i... (In .he 11-0 
. .i.unt.on. .cversal of\he Md-Pa vote would not chan.e the outco.e) . 

other .o.d., the nd-Pa .loc the decisive vote in .o.^^.ituation. . 
. - s.^ila. ealcuUtio.. .evea.- .hat ..eh h.oc is critical in the ^oUo.in. 



number of cases: 

iid-rrN^» DC 4 

' . Va-wKi^ US 0 

vote o/:;!: U.s: aelo.atc ,s no« l^aU^^O; Ue U c»octiveI. d.. 

...e as .u.. ^po...nce^as eU„e. t.e £o..-vc.e Uocs. T.us . U.e 

Tniirh Dower to the ninority merobc] 
inaj9rity rule does give too lauch power 

the two from D.C. 




least 
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This example .aggest.^ .oi''.of" tt.e P«ils in « third-party »ovc«ont _ 
in this country. If in fee, ■St.,at'« the two' major partie. are about everv 
in Btrenath. ^ few Senat^iife fror, tfe third party can have ^ormo.-s power. 
The ln,portance of the >^ff«ty Ijlco^es^even greater if votes are traded 
■ - the third part? '.•«;rife|n6 ^o.favort'a nicasure in exchange for S pledge 
of support by one mjori^y p^j>ty,'onJij3&ther bill. , 

The analysis above^^l.ow^V.i^"'^' P™''^ the three blocs , is based 
on the assumptions that:cXch''of , tli? ^el'ght possible voting patterns \ ^ 
equally Ukely and ^^^^^^ bU-c discipline is realized (each bloc 
always votes unaninc>r,j;;),* ,''ln,^tf>4 y;uaroperatio„ of the co™,i.ssian, 
there certainly are sode' is,^W:'s4on «.,Ich; nioc. :spat , but the analysis 
does describe all c^cstX^^d 't^^, M^^t^.. blocS^hold. ' 

' *" r ' •( ' ... 

unhappy with the ^^^S^r.^^^^^^r^ U-S- repre^.M.at Lvo^^ the 

Congress instead anends tho'lawj^d roqui?i ^>7. ^^es'Wotcs for deci.loh. 
IS this* a logicar and f air Si^W - ^^^^ that e,.ch bloc ' 

now has the "swins" vote in ^.a^iky^^'^^ o^^^^^ si.plro.lt- 
the 6-5 votes in the earlier ]i,st^ing): j.^-^ ^ . . . ^ _^ 



An 



y^- ' /■ , ■ - • S' -> 
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^.o, ideal pattern would be ^.^^^l -pro^^tio^al ,6^^o number of 
delegates. The principal diBcrcpancy^.s In the adcU.d W^e'r of ^the^^U. S . 
representkti.e. but prc.u.ably he ±s^ ^i.i.^tero..Jod .e^f •^onccrn.d v.^h , . , 
the public interest. • - , - . . a' , 

Final con:^cnt 1 v.'^ 

il^^rTLplc^is mcludld primarily to emphasize ,th^: fact , that 'fte ^ ^ , , 

r'Ti;r:;udrr« as the Shopley analysis, na.ed >0r th'e .oclai scientist 
who flfst presented this approach.ifi the 1950 s. : ^ ,^ , ^ . 
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rules under which decisions are made (here the* votes required fXr passage) 
,ma^ determine the extent to whidi the decisions are responsiv^to various . 
interests and altitudes. Energetic, vocal, and persistent groups have 
always had considerable success, particularly when the'*tnajority is apathetic 
Rules for dpcision-making can completely distort the logic. 

6> Competitive >lle ci sion-Makir^g 

llie prfcblem of the Potomac River ba^in is an example pf coinpetit?ive^ 

decision-^mqkin^ Tlierc^^re lookl^ at conipetition among four separate 

parties or vating blocs, with each anxious for its o\m inf'luence in the 

decisions. There is alsa a class of decision problems in which we focus 

/ % 

on ^pompctition between two parties , each- striving tci' benefit .a^t thck cost 



of the other . 



.1 



Such face-to-fnce competition arir.es when there ^arc two principal 
supplier^ of a single product or service, and they. are competing for a 
fi^f^ed market. For example, iV only Delta and Eastern Airlines fly from 

'1 a 

Baltiinore to Atlanta and the annual numbt^r of pa.S5;enp,Grs is approximately 
.v^ f ijced by business and pleasiire needs of the pul^id, the twb' companies arc 
v>in^^lrect competit l^^n, Uli'at at?^ gains in customers, the other loses. In 

developing a strategy^ to try to Increase its sham of the market, Deltl;i 
. Ulust decide on an advertising policy, how to %ct fares within governmental 

regulation.^, when to schedule flights, and how much to 'invest in improved 

service. E^ch of these four directions is also being pprsued by the'com- 
^ptititor, /Eastern • * 

• .^.What Delta ck»cides to do :^s" determined (within cost constraintf;) by 

its estimate of ^he actions Eastern will take, ^elta tries ta find that 
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stra^gy which maxinii?itfs its expected gain mv^r the as^ption that 
Eastern, witH^equal. intelligence, will choose its strategy to^n^ize 
Delta's £ain,. * * ^ . \' ' 

We have here the basic elements of a twd~person , a^o -sum game ; two- 
Pcr^^^ecause there are. two competitors, and , zerd-sum b"ccause-^at one 
los^^^e other gaius. The so;iutl,oh of problems of this/ sort comes und^r 

the mathematical subject of gauio theory , .first discussed in- ^et^il in the 

■ . - - , . • ' ' .5 

book" ^TIreory of Gaines and Economic Behavior," by J^hn von N^eumann and 
- • 1 

*Oskar Morgans torn. When a finite, quantitative model can be detcmiined; 

^' ' * ' • " 
game theory problems^ can be solved, 'f^ils model lists' the specific, . 

altern^xtivc strategies open to.cncli competiloj; 'fp^r exaniple , one strategy 

for Delta might be to spend $2 million mo«rc o;i advertising, schedule flights 

at 9 a.m.; mid maj<e hq change in ft\res.dr sGrvlce\ The model must also. • 

incjjidc the payoff. t6 Delta wiiicli. re^;u] ts from each possible combinaLlon 

of Delta and Hasten? .strategies/ - ' . ^ ' • 

'A z dvc mm mw PC 

^ The'eleinenl^ of a gnine ar<? most ei6sily illustrated by a simp^t^r 
example,, .in which ^ach - competitor has only tl^^ee' possible moyes . For 
e^caIlIprq^ Barhni'a 'and ToSi are plnying the- following game. K>ich occrclly 
^^vtit.e^s* d«*..nv o;3e of ^ the: .three lc:ttt.rs *(A ' B,,or C)'oii lils picr.^ of pai#?r." \ , 
Then , they both reveal thepr l(e/tors. Figure 5-7 shows iIiq amount Tom then 
•pftys gWrbara, according LO the/ combination. If Barbara "ha«s ^^fi ttod* B and 

1. thijd edition of ' the' bo^ was puhjiflli^d by Princeton Univ'ej-fii ty? . 

"^t^^* .Neumann' was the lyri 1 11 an I inalh*«:i^it i ci an who alsa 

conceiycd thp idea faf {.ho scored prc^rara for a ^ligi'tai conputer-, ,Lhe concept 
which allbwij' a cqsap^tcr to be used Tor. many diffefer#^ problems . i " 
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Barbara 



A 

B 
C 



Tom 



B 



P - 4-- 

is 



•45' J . -15 

0 r i5\ 



-15 



45 0 



* . - 

; ^ /' ^Fia/s-?'. Payoff matrix payoff, -to Bai^iara Jar each . 
.* * ' * • " • of*n^nc possible comb in ast ions - 

' . • - «• • " • • . ^ ' 

'^^m A. we are at the fi^'st 'entry of . the second rc^w, . -me payoTf to Barbara 
.is 15: Tom gives Barbara 15 cents. ' ^ 

While this.'may not seem ,UKc a very exciting gamQ:^i^is a simple^ 
,. , analoc to DolCa-Edst^rn .competition . * In that realisUc conflict, each^ 

- airline' has do.cns o^pD..5ble moves or strategies from M'ch to chdo.e, 
. . / and- the,(payorf. are very d^fflc^.^t• t; cal9^i]ate <one must estimate the 

change in passenaers after each possible co.ibinat ion of strategics).. 
' . For.the'triviri game modci^ed in Fig.V 5-7 lot us Jook' ac Barbara's 
'•reasoning as she tries to decide ^;h.^' le'ttir to write. If^ sh.. assu.nes 
' / .Tomplay^ completely at' random (he 'may jlistWitrarlly- choose A. B, or 

- vith e-qual-:probabi]ity), an>d if. she-plays A, she can expect^ to win 0 one 
;,third of the tiine. Vin 45 one, third of; the* tim^and lose 15 one third / 

'"^^ the- time." llenc-e.. If -she. plays Irshe.will win on' the-averaA^lO cents 
: Ip thr%ame .;ay . if. she plays B, she can expect . to w^n 10 cents.' ^U, C 

^ ''\J^^ choice.' agal^ 10 cents is- h^r ^yera^ w^ng! -It^. seems it u^aWes, 
•• no"'dif fercnce what sh"e chooses.' - , • * • 




She knows Tom is intelligent. If he thinks sne will play A, B, and 
C at random, he will always play A or C. If he. plays either and she plays 
at random, Barbara's average winning will be zero. Suppose he does play 



17^ 

/ 



only A or C; then obviously she should play onl^^, so she will average 
15 cents every time the game is played. ^ ^ . ^ 

But Tom . reasons as fSllot^: Barbara t^ll guess 1*11 pla^A and C; 
she'll play B; then 1 should play B t6' .drop her winning to zeffo. If sh^ ' 
^ knows I'm going to play.. she' 11 switch to 4 or C to win A5 cents, 

\ ■ * ' ' \l . ^. ' 

As< yoy can see> kc do not seem to be moving toward a solution, ^^e 

* . ' • ' = '* ^0 - ' i . ' . r • * ' ' 

are in the endless round robin: he thinks thc':yl"^ she ' 11 think that He'll 

■ ^ \ ' t , ■ ' ■^ 

think, and so forth. " * ' ] 

l*he mathematics of. gaiae , theory, piiovides the best so3ution for each ^ 

pjayer, as well as the average value 'of the game to Barbara. This solution 



a5i5-umes 

4 



both players arif intelligent and both yndcTstand gainc, theory 

^ r - 



Tliere is no jiccnssn ly for us hc?re' to go into^ thc^ nialhcmat ics by v^lii ch \\ 
bx^st way to play cal^ be determined-;' we are instead intt^rcstcd hero in 
the type of decir^ion probleri:'^ which can be, solved wiir^j gamo tihedry an^l the^^ 
oatiiiTf^ of the. sol.ition. • _ , : . 

In thf. piH'.';c:titv pfobleii! dcsc'riluu} by ^i^;. 5~7,'t]ie Way for Harbar.'a 




0 



or Tom to play is as fol]ows: . 

Barbrvra should play A one ninth • 
■\ • ■ B seven ninths 

* • C- pne iilnti) ' 





■oT tht^ time 



4. 



1, An cxfrlanation written, foi^ the In^inian is inclu4ed in the book "T'he 
Compltat Stratcgyst/' by J, D. Willianis, McCraw-lHll Bonk Company^ New . 
York, 1^65* The author include^ no. amu^^ing' series of examples ;>Mich show 
some of the unexpected ^results^ of gcime* theory. ' ' , 
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Tom should play A, B, and Cone third of the time each. 
The expected value to Barbara of each play is 10 cents. 
Ea^ competitor should pick A, '-h, or C by a random, unpredictable process, 
' but according to the above probabilities. ' , 

Before each play, Barbara should make her selection to meet the above 
^^^H^abiiities (A 1/9, B 7/9 , -C 1/9), but vath the .oJioice made at randoa. 

■ 

If she has a table of random numbers available, she might decide to use 
a row of. single digits. Before aooking at the ^able, she would decide 
the ten digits (wbi.ch are equaUy probable) will be -assigned as follovs: ^ 

1 will correspond to A 
2-^8 inclnsivo. will correspond to B 

» ^ m 

9 vil3 correspond to C 

0 will be difir^'S^'^^J^^^^ 
Shq. is lUilng only nino digUf^, r>o^that each one bar; a probability of 1/9. 
The desired probabiT Lties of 1/9, 7/9, and 1/9 are now obtained by chopr.ing 
Ofie dir.it, seven dlpj't-s, and one digit, rcr.pecti vely .» 

Barjinra now opens the l)Ook ofl random numbers and picks our row 

digitr, : ' . f _ ' 

4 7 . 2 0 2 9^ ^ 3 ' 3' 1 

^R-. rit:;L eight. lir.Kri she F-lpyn, die selects 

B B B , B ' C B -B A 

in 'that seqtonce. , If the game c.ontdnues, she usos different nequcnccs . 
from the table oT random numbers.- Tom plny/Tn the sane random way, 
aVthough his probabilities are 1/3, 1/3, aad 1/3. 

Wlicn the game is* played^ in this way, neither competitor cai> predict . 
* • * v 

what His opponent do on a^iy given move. If Tom would begin to follow 

• ' ^ ' . ' ■ X 

.. IS. 



a pattern and Barbara ^cou Id predict with laodest success when he would play 
B, she would be^ certain to choose A or C in the hope of , winning 45 on that 
play. - . 

I 

Non-^ero-sum cnnia 

" "V • , 

Many of the game or competitive situations which occur in the real 
world are not zero-sum. -VHiat one side gains is not necessarily the sane 
as the other side^s loss. Even in -the Delta-Eastern competition for 
Baltimore-Atlanta passongors, advertising by either airline is partly 
designed to increase the total uijarker. Hopefully, more people vill be 
convinced to fl^j with benefits for both of the competitors. \^hen the 
game is not zero-sum, the standard solution teclmiqucs of game theory fail 
Wiilc we can soitip jrtnrg^ find a solution, the determination of tlic best 
Strategy for each player often depends on searching througli the possible 
solutions. ^ * " ' »- V. 

f 

The non-2:cro suiif^gnr^o is illtu; tratc?d by one of the clnsn^ic probler.s- 
of operations research. Two men each have "an ice cream^wagon which they 
bring each morning- to a inilt^-long beach*' Dur^iig Llie day, customers or 

r 

sun-bntJjers a^v distributed unifomTJy along Xhe bcnc)^. Wicn^a vacationer 

wants ice crenni, he goer; to the nearest ^vendor , since thore s no real' 

dif/rrence between the tvo. ^ 

When the first vendor arrives in the morning, where should he locate? 

Wliere should tlie second man then . sett] e .with his wagon? We assume that 

, ' * •* 

there 'is- no cooperation between the two: each nanid6esn*t trust the other 

#• 

and each acts solely to^naximize his o\m sales. 



A little thGught shows that fho two vendors should locate ^w/f to 
anoither exactly in tha middle of the beach (Fig. 5^^^B^ If A", the 
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Fig. 5-8 LocatioVof ice crcam^ wagons A and B 
in a strTttly competitive situation 
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Fig. 'bfl'f Final location if A chooscn tlie midcflp 
and b makes a non-opLimum clioice 
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Fig. 5-11 Solution best for. the cus toners "knd equal 
to the optimum for both A ^ind B 
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first to arrive, makes any other choice, B will then settle just on the 
side of A toward the longer expanse of beach (Fig. 5-9). If A picks the 
'^middie and B locates anywhere bi^ beside him, A will be serving niore than 
-half the customers (Fig. 5-10). ^ • 

When the two sides are strict competitors, the game or problem leads 
to a ridiculous s6*ution, and certainly one which does not giv^ the best ^ 
pp^sslble service to the customers. Ftom the- standpoint of thd customets, * 
the optimum spliition is shown in Fig. 5-11. Each vendor is in the middle 
of "his" half of* the beach. The customers have shorter distances for ice 

cream on the average, yet each vendor series lialf the nfeople. In actuality, 
f - . 7 

Fig. 5-J,l is likely to be better for bith vendors thanvUie competitive 
■ * Solution oL Fig. 5-8,' since the mere fapt'an.ice cre^^^agon is nearby for 
more peoplc^-^JihouJ.d increase > sales. 

. ' Why is the solution of Fig. 5-11 so difficult to achieve in a com- 
p^titive situation? It requiVes honest coopera-tion between the two ^ 
competing forcoB — a cOopoVatJon whi ch has to^ bo based , on mutuar trust. 
Wlien A arrives in the moisfung, he lakes his possibly bad position in 
^ confldoncd that. B will not try to take advan.ttrse of his trust.. During^ 

"the d-ny, both resist the temptation to mavo. gradually toward the center 
of the'beaui. llils is a nun- zero-sui.i situation: both bcncf|it by dis- 
daining what looks like an ad'^tmtagcous possibility. * 

'Jills rather- trivial ex<'unple has many counterparts in the real wor;id. 
One of the liiosL obvious is the fiorcc cojjipGtitlon among three airLi,nes 

(:TWA, 'American, and United) for passengers on the lucrative Nc;<? York-Los 

' - ' ^ • ■ 

•Angeles tfip. In an attempt to -attract a Iqr^- fraction of the cus toners • 

^ ■ ■ f 

by having f light s» at convenient tirat^s , each airline runs^ore flights 
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than necessary (on the average, less than half tho seats arc fillpd) and 
the three schedules tend to be startlingly similar— with three flights 
taking off alinost concurrciitly , then a gap of several hours before the 

next three. -- • 

Part of the problcra here has been the federal anti-trust laws and 
the concept that the public is best protected by complete competition^', 
among firms. It is only in the par,t year that the govenment has allowed 
the three airlines to talk together^in an attempt to a^ree oi^ schedules^ 
' which would ir-provc both service and profits*. ^ . 

In a broader sense, non-zerb-suin decisions doniinatc our isociety, as 
G. Hardin has pointed out in his classic art i cle . ^ " . An extreme exan^pln * 
illustrates the point, Kach author pays $10 'per montH for 'rubbi sh cell ec- 
tion from hi^; home. From a selfish standpoint, we. would bonefit if 
each.siniply threw the day's rubbif.h out the car window v;hile driving to 
vork ev.h morning (and while_ making sure ve wc-re unobservc'd) . n^e dr^age 
to the onvir<mmrnt\ would be n^glig-ibt^^ we would^save $20 monthly, ar.d. . 
the quality of 1 i f e^Vn -our aren would not dt.tcrioraj^e in- any real v.-nv if. 
just the. two- of us folRSii^d ihLc practice. . '* 

Ihe problem is obvi^. If everyone, or »even a signlficfint fraction 
. of the pojlfeface, acts in this sain, selfi.hvay, we all would ' shor\ 1 y be 
surrounded' by rubbish. In order to find a sf>ci al' optimum — a decision 
or strategy which results in the b#t total picture.-- we each musf r.ake 



1. The Tragedy of t1\e Commons, Science , Dec. n, 1968. pp. 12/il-B 
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detiislons which ara far Jronx dptirAum. \> ^ ' \ ' - * 

* ^ . ^ ■ ' ■ ' ' , "... 

M we^considcr dlffereAe SDcio-tochnological problems^ ve find again ..' 
^nd' afeain,tl]Ig iion-JJcro-sutn ch^iracter. The total systidm. only uork^.if/the 
individuaA;is wilfing or can be -'forced to^rclegatc" his personal b/>nefit to 

.< ^ } ^ a secpnd^i^ . position vcotnpared to the. toj:ai, 's?ocial welfare^ Just ag It^-the 

* ' i . ' ■ • ' . ' ^. . ^ ^ ' ! ^ ^\ "'^ '^^'v-.^ ' • 

" l^drcrcaiQnVcnaor problem, suc^icss cfopends. oh individual tru5t, andvo^nf.ld'ence*, 

i« othars. Whether thfe conccrp is Obeying traffic rcgulatl6ns or co^is^rving' •., '/ 

.• .■ 6jX*fgy, we ipuRtt degign total systems. In which the ,5!\divldual 1b v'illing'vto^ . ♦•» 

'■■'■V,;'' ' V- , ■ ' , : .\ ' , / v ■ ^:;.y„/•, 

e accept decisions which are bbvioU&ly not the. best for' him persdrial ly', .; 
% 7* D'ecisioil Prul)loms th ou l^'Sol nt ions ' ^ V . . ' , * ' / ''^ 



,^ -Ip tills ;chp(ptcr, W'^ have atlenpt€?d''to l^ok at some bf tfie princlifnil 



/ QlK«i4ctwistic.^ '^of thn^do:clsions which accpiTipany ^ocio--.tochpologfea^' • : /^^- ' ' ^ ' ^* 
proWlnDu;. . •Tlicrfc, is- no^atten^pt ic' cover pompletely the. -topic Q^^^^J^^^ 

-makirlgy^ and inuch of Vhat oniiinccrs cal,l decision tlveory. i>^oralVtec^. , \ / ; > . 



\ ^. — ' ,^ ^ ' ; . ^-'-i V''-''* 

^' . *l.^-Scvf:rai o.Lh'cr ro,"j)ir..'i^ art^ ■di«<:{isso\] ^n Chant e,rR 2 ancr'3 <!)f 'rUiTl'^aiv'i.'.lU^^^ 
Tcjcbhplojiy :^cC:rav-Ui LI, T.^k' Cor.i;-fany , :.?ev.' .Y^n-):V 1.973. ':' lt5.(Ave,.a-ry 'a 
* •' V '^thinyart-iclf'*-. ,iu t;hc p..il) 1 ic ' pro is vliich recoup;,. spc'Wif A6^^i^:<-^'^^^ 

an3 Tu'irrent: dt>«isfon aqtivltTJivs*. Jof ^.ex<%•uplcV►;<^c^ o'i Ujc- ,mpv(i}- cU\h6'r'!^te,. " • ' " 

II dccisiDi !>ro'M J^.;-,!? M di'scribed >n Uri ' SAar.i r ^ Opliniaing tli'ij' pp;;rv-iti9^^^ -' \ 

i-if Inyaol^s WaLe'r $yHtc;n, technology Revit^w j 'Juno' l'972.v pp. ^!l-r4^» •;^;// ; 

2. D^ci^ioii Khff^ry iV Ccnicernec^ "wit:}\ the pKob^Vn^'pf :T:^^^^^^^ . \* ' ^ \' 

In^el^prrt^iLiun fron .data wli^icH is, coii f u?;ed tjy ^;)ise^k^ld• a^ncetia.i^\ 
Y \']hct^ prt':ssiirL! w^'thia'^:he eye iS muasnrt^M 3 ' f.oi'^.c>:a^:plf*y.^^^^ 
\ detrc't lhi\ divscw-ise '••of elaucbma, what conc^Iiii* ilvns \da^ ^^^ci. d';:aw L'!v;,^bct^ 




\ of the kn()w].-dp,e ari^asiu^d in iMl- past ab*v4f: sl^ir.'l Jar 'me^niufre^^^n^s ^^^^ 
A hea'llhy pV^opU' and gl aucoma. yict4nin? » ^ 
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. ' ,^&forfe' lekving th^ top^t/tb r,ctu-m to' Spocif^ic ' problcq areas', ^wc 

. should cit^ QneVad<iit?iOhal example u^ii<;h points dot /the po^ib^ ^ V 

/• ' - ■ • , ^ y * , . < ^ . ■ . \ ' - • . '' It, • ' ^ 

' \ / a ,d€;,cifidon; Pf-olJtei?' '©ay have vnd solution at' ^a^l*, ever^' though the problem 

» v. ■ , V:-.- ' ' , " ' . ;^ ■; ;/ ■' • \ ■ ^ 

- is t^Hen ffptn the >re;a,l W^rljjv' T^ils -.idep 'of, no solutlor\ *ls Grange to/niost'^ . 

. *. scdentisti ai4cl';fengift^(?rs„ ^wHo/a^^G tis*ed -tO worlfiing with well defined / \- • • . . 

: •/ »• ■ . / , ' / • / » ■ . ^ ' - ■ , ' , . . • . ' , > 

' f^y^^-'C^l £iyBtemSf'^ln^w}}59h proVl^ms hk^^e a/sing\e cprii;^?^^ a^Swer^ . r**^ ^ ' 

Thp/pity *niay6r has^a .$mail ^rinouafe 'iof mdijGy; aVa^ilabJ^e ' to • try 'a new ' • » 

• ^ ' ' - ' ^ ■ .\ . ^ / » . * ^' -'• . 

'V i5rbg3iara iripirov^. lif<? in the cit'^.^ Jf^rea 'dlf feretit ,j1rogr^s arc pi^ppo^edr; * 

• . j^',^, * i;''*-'- tr^ffic-flpy improvement ' ; /• * • 




' to d'QterrtirtO tHte' prjo>al>2^'-*te«ecti^ o^f thr^i options; . ^Af id^.; / 



''^ ^- dctciitietf' inaly.BiR'i t>cy V,cp©Tl«''ci^crt- tfie'^^tiD ty '^is^ .sug^ ^'a^ vCi6Tn^'lex system, 
vVv^* V '/M^'sy'^j'^^*^ toiafidQn^co 'Wlia^^ any -o^ig v 

^ pr<^g.i^^5^ »wl^l'l be.,: fhft'rG. axe' .too riany-. upkhovu Inf lucnfcps at wArk., ^ ' * r 
• '(V' 'The^ihbst: . they .'dan say, Iswhat^: i€'.'pfQgrr^mN)r <tr^Cflc!) is. adopted, < ^ - 
■ .'.afty o.f. 'threG ;things *cjay bapfSen,' with, e^bali prob'abilitios,.' Ttioro may be^ _ . • 



r / - - / 



mucH be^tter Craf f Ic ' f low; with' an inprofVeitiQiit -in the quality of city' 
liyihg b;^ an anpunt» they, ostimnte to .be +^^0 . ' /t^^Grc may be no chango 



^. ' (Vftlue, 6) Flnal^ly thj,frgs maj^ actually ■becoin(i worse as the smoother 

^ '^W'l'VtWlf '^lov drat^'" pollution rises, parking 
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is hopeless, and so. on; to' this last possibility they assign the value -10. 

For each of the other suggested programs, system analysts for.e&e^ 
three, eqwally probable outcoincs. The values assigned to each are 6uinma- 
'rizeii in fc'abulari forra for the mayor: 



I' 


A 


■ R 






+15 


^ ,+40 


+30 


0 


+20 


+10 


-10 . 


-20 


+5 



■ ; ; Tlie in.'Tyor 'is hiinself an ainatcur system engine He thanks the advisors 
•■'and.headg hoWe Lo.'m^kc his decision. Firs't , he compares T to A. • Since T . 
vhas thr.^.e.poVsibli p\it9oinG's and --A dqes likewise, there are nine equally 



l: 



' '7.' , 




•VAC 




AO 


' t 

i 0 0 - 


— o"* 


\ "3P . 

J J 




,20 . 




f-2Q 


,30 • 20 

■ ■■/. 


-^0 



-10 
30 



-10 

.20 



-10 
\-20 



• 5/9 to-f i^r^p^Q ^^i^'hcx:tB^ than /A. '.'obviously 'l would choose T in pre-__ 
t<? . Now I've-\6implif'icf|'';the prc^bleiu .to a choice between . T and 
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Sdrai'l^r comp^risoh/of T and II' gives 
1^ 




R 

/T 



40/ 



15 

-I- 




\ 10 



40 



10 



J, } 



10 

-30 



5 

■ 40 



5 
0 



5 

-10 



L ihc sl< bo>^dd casi.-6 , R is better, than T. lius, there is a 2/3 proba- 

bility th^'t?' R is preferred /oVer X, ' Clearly, the mayor should cijo^ge R. 

' ISie dpcislon problclri- is--, solved* . _ 

'". .■ • , ; _ .., •',.»,'_..■.' ■ , ■ . r '■ , _ ' 

' '.ChoruW ^i^^cr his, sbccc^s .In optimlzat: ign and decision techniqyes •, 

'■ , ' ,' v I ^ ' \ ' * f 

•* the'Wyor rtakes ont mlstaOt^': hi .d^cidd^ t§ compare R-'^ti^.d A: _ - ' 
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A- 
R 



^30 
15 



30 
10 



30 
5 



I 20 
13 



20 
10 



20 
5 



-20 
15 



-20 
10 



-20 
5 



To his dismay, there is a 2/3 probability tKat A is better than R. 
This particular decision problem has no solution: \. , 

T better thaxx^ A better than R better than T 

* ft 

No matter what the mayor chooses, his opponents can always firid a program 
^ , 

vhlch would have beea better. * 

*• 

Tiie important feature of this problem is the total lack of a solution. 

.4 

The firet reaction of a system analyst 'is often to attack the validity 
of the problem on the basis that the three sets of values assigned to T, 
A, and R are not defined. What these va3^ues mean is really immaterial » 
hawcver. If values can he determined in ^y sort of acceptable and logical 
way, they might be the numbers wc have used here as an illustration. 

In other words, this example ililustrates that there are decision 
problems for v;hich absolution does not exist. Tliis chapter opened with 
a discussion of the drug control problem, 'in which so much of the quantita- 
tivc nodel is unknown that no logical d<2clsirn is possible. We close with 
ra probability decision problem whichr the urpdcl is known completely, 
yet again there is no ' soltitipn. 

These two examples repr^^sent extreme cases; in the great majority 
of decision problems • whifch arise, we can find a solution, even though 

• r 

our confldcilce in the value of the solution depends on the quality of ^e 

< 4 

model • ' ' . , • # • 

1. This type of behavior, called the intransitive property, was first di^ 
cussed in decision problems in tHe,1950*s by Prof. Arrow of Harvard, an 
outstanding economist who received the Nobel Prize ip Economics in 19'72* 




CHAPTER 6 
THE ENERGY CRISIS 
Centuries ago, people living in the. tropics learned that wet cloth 
hung over the windward side cooled the air entering the house. Air 
conditioning became a science with the work of Willis H* Carrier of 
Buffalo, N.Y. in the first decade of the presdht century. Although the 
earliesi: public use was in a movie theater in 1922, air conditioning of 

V . ■ ■ 

office buildings, stores, an cf homes did not reach a large scale until the 

i 

1950's. • . , - '"^ 

By the early 1970.*s, air conditioning is a significant contributor 

to the energy crisis besetting this country^. By 4 p.m. 6n a hot summer 

day in New York, the electric utility (Cpn Edison) has 'very ^likely reduced 

* % • 

the voltage of the electric energy delivered to the* city In order to lower 
powet dcmands'^-^ — a step called^ al^ "brown -out" in contrast to a %lack~out" 
when ^owcr is lost entirely, ITie 4 p.m. hour is-'partlcularly critical , 



/ 



since air conditioners are operating at maximum capacity, subways and 
trains are beginning the rush houi , and a start i;5 often made on cc:>oking 
the evening meal. ^'By five o'clock, offices are closing, the outside temp- 
erature is fal^i*g, and the total power dMiand begins to drop. 

^ As the demand for electric energy continues to double every nine * 
years, there is not a corresponding gro^^th in capacity. In the last, few 

years, environmental interests and the public have opposed new generating 

? ■ • ■ 

stations with increasing sucxicss. Since a half dozen years are required 

to plan', build, and bring into operation a nhw plant, the energy shortage 

promises to b^critical for some, time into the future regardless of any 

new construction authorized now. 



In the following sections, »a want to look in more detail at this energy 
crisis.* How serious is the. crisis? Wiat aro the altemlitirves'dpexi to 
the pu^^Iic? How can int^ligcnt planning be done to ensure that a, satis- 
factory comp'roini'sc is reached between the ^nergy desires of the public ' 
end the 'cos^ts t^ the environment? l^^at are the possibilities for .realizing 
President Nixon's 1971 goal of developing- hew; clean s^ces of energy? 



. \. Wlvif ls Efncrgy? • - , . 

In science texts, energy is def ir^ as the capacity to do work. ' W.en 

a 160-pou"nd inan climbs a flight 'o| |^irs , he gains iotenti^ nneJS^^ty • 



- virtue of his height; the gravity -force pultlng him downward means tbht 
work co.uld be done as he fall's. Similarly, a inass in tnotidn possesses 
t klnotjc energy; work can be* done "as the mass is brought to a stop. 

About 1800, scientist^' discovered thab heat is one form of-cn^y. 
. Humphry Davy showed that two ice cubes. can 'be melted 'by rubbing .them 
' ^ogcther even when the ternperaturs of the environr.cnt is" below freezing. 
Part of. the work done In the i^ubbing ^notion is qjpyerted to th? heaj: form. ^ 
' 'of energy. Actually it was 50 years^latcr before* Jjimes Joule n^e^asured- 

accuratcly the quantity of heat carrcsponding to^a given ^amount of ru-chani- 

cal energy.' * ' , 

Thete are nany other "types of ener^'" Electrical energy is used'to ' 
drive most of the home appliances; chrmicar energy frotn gasoline drives \ 
; an automobile; sound energy carries infor^iatifn ^gf man -to man. The 

hunian body converts the chemical energy in f ood^into a variety of^^fbrlns:/ 
. , heat to maintain the body teinperature, ^i.echanic\l energy which allows 
the heart -to circulate ^he blood and t]^e man to exercise or. move, and ^ 



r 



elcQtrlcal energy to "carry, signals through the nervous system. 

While at first glance thd idea of energy may seem simple, it is _ 
actually dne of the most tfTTficul^ concepts in science. One of the 
problems is that- energy is^ difficult to define precisely. If an airplane ' 
•is moving at 400 raph, it clearly possesse? kinetic energy: work can bfe . 
done as the motion stops. If we are riding at the same velocity along- 
''sjde the airplane, however, it seen^ to us to be motionless, herice to have 

no kinetic energy. ^ ' . 

Often when We try to use the energy concept 'for, analysis ,'loiunder- 
stand some physical phenomenon, we find that it is extremely difficult to 
determine how- the energy is converted from one £orra to ■an9thcr. ^For , 
example, there has been a long-term interest in thb energy required ^for 

various animals to move by running, flying, or swimming. In spit^ of the 

I ' ' . ■ ' 

stii^s, there are ?till many unanswered .questions .' 



When^-a man runs, the 'efiergy used up can be measured by the change 

■ •, ' ' i ' 

in his metabolic rate, indicated by the net oxyg&n intake. - Sin«e the;, - 
energy needed to overceme air resistance and friction -along- the^ ground 
is negligible,'*" essentially fiH the energy is used -in 'tji^e motion of the 
joints and muscles and in accelerating and decelerating the parts of ,the 

\body. The' determination of how th^ energy' divides among these vari9us 
functions is an exceedingly difficult problem^ with th^ result that the . 

' running process- is really not Understood at ^the' present time. ''Obviously 
more energy is required to ^un upfhill -than on^ the level. ^ But it is s'till 

1. At top sprint vspee'ds, air resistance dJes ^ ve a slight significance, 
so it is appropriate to cTisailow sprint reco^s under strong,^ favoring 
wind conditions. . ' • 
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unclear whether running dovmhiir allows the muscles tq use some of the 
potential eifergy which, is lost. , \ • 

1 • •■ • 1 

If various forms of locomotion are compared for different animals, 
running requires much more energy than flying even though flying requires 
considerable effort Just to stay aloft?. 'Tliis comparison reveals why a 
' migrating, bird cah fly non-stdp for more than 500 milesf, while aground 
animal of similar size certainly can not' travel the same distance without 
pausing to eat and drink, ^ In turn, swimming requires much less energy 

;/ * 

than flying, vhen- we compare animals for which these stre natural methocfs* 

^ of^ movement. When man is in- the water, travel requires far more energy 

than runnmg because of the eAormous waste of muscular and joint energy 

as the ^uman being tries to adapt? to this unnatural way of locomotion; 

^ The concept of. energy appears throughout science and engineering. 

♦ \ 

When we speak. of the energy crisis, the centra'l theme of this chapter, we 

are ^octfssing on thej energy used to drive machinery in production, heat 

\ ■ • • ■■ . . . • 

' and air condition, ar^d transport people and niaterialfe. We are interested 

in t\ie energy which mkn extracts from natural resources (coal, natural 

, gas, and petroleum) or nature's sources (waterfalls, tldcjs, winds, and 

sunlight'), and which he then converts to forms he can control for hiS' 

desired pi4poses, Wg fo^us on a relatively small part of the total ^ne'rgy 

t ■ . ^ - 

concept, and in particular wc* omit entirely the physiological uses of 

• energy by man himself. . , . ^ 



1. Knut Schmidt-Nielsen i Locomotion^ Energy Cost of Swimming, Flying, 
and Running, Science , July 21, 1972, pp. 222-228 
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Z. Problems of the Energy Crisis ' 

When the pub li^ media aUscuss the* energy ci^isis, they usually focus 
on two principal p;roblemg associated with /the rap^Ld growth ^in energy use: 
Depletion of natural resources 
Environmental effects . 
In one sense, neither factor is really a problem. 

When the authors were in college around 1940, there was great concern 
expressed about the future disappearance' of coal and oil. Dire prediction? 
were made that by 1970 the United States would be in a catastrophic position 
Today wa hear similar concern expressed for as early as 1996. In parallel 
with this concern for resources, there ie widespread recognition that many 
of thev-environmental problems, and especially air pollution, are closely 
related to the increasing generation of electric energy and the griwtk in 
transportation (both automobile and aircraft). 

Both>)f these problems are solvable. The world, and even the Utiij^ed 
States", has' sufficient ^natural Resources (especially co^) to last far 
enou^^h into the future to allow thje technology to advance to the point 



1, The enejrgy crisis Jias been discussed extensively in journals and news- 
pApers a^well as on * television . Perhaps the best references from the 
viewpoint of the engineer or scientist, are the ".series of articles entitled 
"Energy Technology ' to .the Ytiar 2000," appearing iu Lhe Teciino-lugy Ro-vi*:.^^ 
October/November 1971, December 19 71, and January 1^72. In September of . 
1971-, Sqicn'tif ic Arrerican had a special ■ issu^ on Enei'gy -apd Power. A 
'large percentage of the articles in Environnent magazine ace devoted to 
the subject, particularly the environmonLal effects. Finally, there are 
many governmental studies; one interesting report analyses 'in detail the 
ways, in which energy is coAsumed: "Patterns of Energy Consumption in the 
United States," by the Stanford Research Ins^i tute , QPO Stock Number 



) 



^ . 4106-0034. 
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vhcre solar energjr^n be^'used. We now have the technology which allows 

the'fcontrQl o^ir»and theriial pollution^d o^her environmental effects. , 
Uien chvxis there an energy crisis^? 
|^,^e crisis arises because the U.S. social system has developed on. 
he basis of a particular pattern of energy use . Natural gas is used 
Widefy in heating as well as industrial process>ps; almosT: all vehicles . 
are powered by gasoline; the energy needs and expectations of society 
ar6 fixed. Of equal importance, the costs of different forms of energy- 

havfe been established over, the years and have determined not only the form^ 

A ^ • 

of energy use, but such socially gritlcal factors as the location of 

Industrial concerns. • 

. ' As natural resources arc depleted, the oil and -gas companies (for 
fexample) fiave t;b turn to less aqcessible and more expensiv^sources . As 
the public demands stricter environmental contrpls, the generation and 

» 

distribution of energy in usable forms become more costly. Any significant 

change in the cost of one "type of energy or energy In one Ibcation rcsu}.ts 

In enormous disruptid^ of the soci'al system. • The threat? of such a dis- 

. • . ' .J" 
■■'ruption is the cause of the energy crisis. • ' r 

The 'two reasons usually lasted' for the crisis. 

Resource depletion - , • Environmental effect^ 

are important, but because these factors mean- that there is a threat of 
disruption of the existing pattern -of energy use. 

The consequent social effects can be severe. For instance^ many of 
the lai'ger cities are finding an out-flow of manufacturing companies 
. which represent, jobs for th* semi-skilled members of the werking^ populatioi 
The' decision by a concern of vHether to move out of the city depends on 



a- large number of .factolrs, some of which are 
^ Labor costs and aviiilability 
Tax rate 

Transportation (^o bring in raw materials and ship out the products) 

^ Public transportation (a poor system results In late arrivals and 
early departures by wqrkers) _ ' ' • 

tents 

Pollution restrictions ' 

Energy and water costs 
For many -ompanies, vacillating over whether to'-move or not, ^^aXl 
Increase in the cost of energy can be the decisive factor. This extra cost 
^y'be the' result of using less accessible natural resources. oi<it .niay be 
due to a requireiaent to switch equipment from natlral' gas. to use low-sulfur 
oil to cut air pollution. After the company moves out, there is a snow- 
balling effect: job§ de^reateej welfare costs rise; taxes' increase; and 
other ^Lntiustry decides to leave. . ' ^ 

3. U.S. Energy Use < ' 

With only alout 6% of the world's population, the United Stated 
iitcounts for half of th^ total use of natural giR and 30% of the oil use. 
Ihe gross national product per capita is dj.rectly related to tfie energy 
tise per capita; in both categories the United States surpasses any otl^r 
nation' by a factor of 2.-'- Energy has. been among the fastest growlnj 
measures x>f U.S. life during the past tw6 decades (Fig. 6-^1^. 




t 



1. The relation between energy use and the standard of living is discussed 
for China over the past 1,000 years in the article by Earl Cook. Energy 
for Mllenium Ttiree Technolofty Revie w, Deccmbef 19 72, p^. 16-2^. The 
article is an interesting pr'ojection of the world's energy utiiization ' 
well beyond the -year 2000. . ^ ^ 
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^nited states energy , consumption is equivalent to 400 people working 
full-time for each member of the population.' In other fcrms. we average " . 
40 horsepower per person^' at all tiines/ Of -course, the use of energy is ' . 
hoxrendously.inefficient — for example, we use a car capable of 280 horse- 
power t6 -move one^person. This is even more cxtravagSrt than the pharaohs 
of anlieqt" Egypt, since it corresponds to 2^00 slaves carrying one individual. 
The energy is used in three general ways: . - . , ' 

•• . '.. ■ •/ • ■ . ... • • 

(1) Transpoistation 24% / . * ' 

. « (2)." Industrial manuf acturirxg — 43% 

-(3) Hoihe climate control and .appliances ,* schools , government, commercial 

' iestabilshments — 23^ -4 
. • - # 
ThV energy' comes from the following sources: 

goal — 20% Petroleum — ■ 43% 

Natural gaS - 33% . Hydroelectr^d -- 4% 

t 

Nuclear, geothermal, ti^al, solar, wind — ^less^ than .1% 
Fr»m this general i>ackground, we turn next to^ a consideration of the 
detailed factors which have combined toUead to th^ 'current energy crisis, 



1. One horsepower was defined by.Jan.es Watt about 1800 a^ the P^-er which 
^^\tTon. horL can deliver.' He measured- th is 'by having the horse lift a 
Kucket oi water from' a well. .One horsepower is f ^ J^^f,^,,) 

550 -pounds one foot In one second'; or about 3/4 kLlowal^ (0 746 kilo.^att; 
in te^s of electrical power, 'lie must have had un«sual hor.es, .xnce an # 
average .work horse is able to furnish somewhat less than one horsepower. 

' The humaft being can provide one horsepower or slightly more for pnly 
a fraction of -a second. Over reasonable periods of time. ,a mail can furnish 
about 1/10 horsepower. . , 



4. Contributory Factors ' ' - ■ . 

. ..Vhlle the energy crisis is caused by the threatened .change in the 
patt'em of energy availability »d use (Section 2). ve can^ist a number 
»£ factors vihich have cabined to bring us.totte present ^ituatlop. 

?IPterioratlcy: The energy system inpacts the 
environment at every step-fro. ' the mining "or filling operations to the 
distribution and use. Coal-mining is increasingly restricted to restore 
the natural'beauty. particui;rly after strip mining. The damage fro. 
leakage in off-shore oil. drilling has led to strict restrictions. The 
electric utilities are increasingly required to control air an*M,e™al .. 
■pollution. ■ overland 'electric po.-er transmission- is being shifted under- , - 
ground, and tanUe« tor distributing oil must take stringent measures to 
^nl»i.e discharge into the sea. Steps such a, these, while strongly in 
the'pullic interest, *,ert pressur'e toward increasing energy costs. ■ ' 

(b) AHCclcrateoi-ii-' In the last fe^ years, the use. o£ energy has 
grown at an alarming rate. Trom 18SO-192Cf. during the peak-effects of the 
Industrie! ^^ol^tlon, energy use 'g-w at a rate 60% higher than the growth 
. rate ot the gross national product (G;!P) . The major chang. during this 

period was the conversion to mfechahl.ation. which was .energV intensive, 
■Hhis country then entered a period (1920-1965) during which major . 
. Improvements were made in the efficiency of industrial processes, especially 
.electricity generation. Over this period, ene.|y growth wsf 20% slower' 

than growth^f the GNP. • . 1 ^ , - 

since 1965. energy use has been growing at a.rate of 5% per year, 
. well above the expected long-term growth rate o£ 3.» per year for the 
GKP. -ais alarming growth rate is ^arjly the result of such innovations 
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as widespread ai^ conditioning, bi^t it is also pa^y due. to a' d/tcrcased 

'efficiency in electricity generation. Many of the electric utilities . ' 

\ ^ \ ' ■ _ . 

^""h^e not "anticipated t^ growth of demand or were blocked in building new 

facilities; the result is the prolonged usp of outdated equipment with 

* poor Efficiency (and unnecessary contributions to kir pollution) . .The 

8it<iatiois in both Chicago, and New York are critical; fortunately, the 

-* * 

past few suimers in both ^ties have been unusually free of prolonged hot 

spfells. ^ ' • 

^ (c) Electric energy growth ; aosely related to the above, the growth.; ,: 
'of t;^e'use of electric energy is par^cularly impressive, now running • • 
about .8% per year (or doubling every 9, years). Today one quartpr^of . the 
total energy used is consune4 in the generation of electricity, ar^d the . 
fraction, promises- to hit one half by 1990. . < . ^: / ' ■ ' ;". ' 

In California alone, ||l^nlng bx the utility cojnpiiiiies indicated a '* 
need for 130 new l^rge generating plants by the year 2090". ^A.Rpd Corpora-^^ 
tion.study has shown that, if the annual growth rate in use can b^ cut to ' 
3% the required number of 'new plants can be reduced, to 23.-^. still: a 
' difficult prospect since so little of the coastline is left which satisfies. 
ecologlxaX, economic, and technological constraints,-; .The .question is: - 
can the reduction fron 8% to 32 possibly be achieved? ' ' ■ 

fd^ Lipited oil and gas reserves : As" indicated' eatlie^, the , . 
economically -available reserves of natural gas and -pil «are limited in ^ 

this country. The United States possesses 11 years supply i^roven. 

/ y »' / ■ /: * ' • ' 

natural gas reserves . although large additic^^aV qu^tipies. could be obtained 

at higher *cost fron deep drilling or by cod, gasiaeatiori , (in each caseV . . 

the cosl^is estixiated as fbu^ times the present. -level);.;; i^^ stretch 



the domestic supply, large quantities are now being imported, fdr instance 
front Algeria, and there ara tentative plans to purchase from the USSR. 

. • 'f In oiijv th.a United. States now produpes about 2/2 of its use, but 

. ■ • >■'■''■ ->'• '' ■■ ' ■ ■ ■ - ^ - , - " ■ 

priodu6ti6h is' only ekpcctcd to incrckse slightly as use doubles over the 

irie'Kt 15 "years. * 'Even - if 'the cbptrdverslal ttans-Al^ska pipeline is built, 

U.S. |>Vbduction"Wiri be incijeasod by, less fchail""2fO%. , ' 

In 'the' wotld as a ■whole,- cQfty^sni^c.nt^as and -dil supplies seem a^dcquate 

-to tljc"y<^:il ■ 20^33"V-*-^hilp suf .f i'c'icn "l 3va±iable;?f or perhaps. 300 roore 

■ . ^/ •• > : ■ '■ ■ . 

Ce)' Impact ■■oh.'forelprn re-lationfe :,■ Tluis, the, United States dfi^jcnds' 
heavily on imports of. both oil .^d natural gas , ' The' need f^r extqnval 
sources of supply has, to .closely inter-rclatcd with.'o-Ur f9reign polity . 
In particular,..the oi3 of both , the Near East and South .\meriGa (especially 
Venezuela) is important. Assurance of these imports becomes incrcas;ingly , 
dif ficul-t, a«!''the oil-rlc!f"countrics strive to- improve • their, standards of 
living and. ernphisize Llicir independence of .the Uriited , States and Wes^.em 

, Europe. : , ' . ' ; :\/ 

» ■ ' '. . ^ ' ' , ■ ' * 

■ (f) Disannolntm pnts of nurJohr energ y: In, the 3950 's there were high 

hopes- that by ■'19.73 es.Hentially all new' elettrlc gencr.ltlng capacity would 

bfe nuQlekr." InsJtead, we now-find that only about 3% of the electrical w , . 

- energy cones f rom the , 29 nuclear plants in dperAion. No full operating . 
ll<:cnse has been granted in over a year, although 111 plants: arf> cither 
uade^ construction or : on, order . . VitHi a^l-'^ year lo^d time required for 
OOnst'ruction;' it is riow clear that by 1930 nuclear^ plants will still-' 
account for less thnn a quarter of'our qloctrlc energy, even under the 

1- most; optimistic assumptions. " ^'^ > 



The disappointment has arisen for several reasons* ^The hoped-for 
economy was often not reali^d as ^ronstruction costs exceeded estimates, 
Nuclear plants are most economical when- they caft-im^operatad contimigusly 
at normal power -7 a primary reason for the common proposal th&*t ajJ^Rear - 
plaht be combine'd with a puwped-^torage facility. The latter referS to 
a hydroelectric plant fed by an artificial lake -at high altitude. ^ During 
the night when- customer usage- drops, tlie nuclear plant' output would be Used 
to pump, water up to- tWe elevated re/crvoir. The next day,'wat(|r from the 
elevated lake 'would be allowed' to fall through turbines to generate electri- 
cai energy during periods of peak load. The total 'system would then "operate 
the nuclear pla^i* at maximuin economy.,- ^ 

A secprfd problem hos been safety, particularly fsom an unusual accident 
or sabota'ge." Daring 1972 the Atomic Energy Conwiiss ion recognized the . > 
pps^ibLe safety problems and' ordered reduced-poweijl operation in several / 
plants. A third 'problem has been thewnal pollution when a river or rhore 
reglon«is iised f or 'cooling^watcr .\ Tlie questions on safet/ and thermal. 
poiluLipn. have been the principal arguments of citizen groups organized 

^to oppose nei^ nuclear plants in several parts of the, country. 

.-• ' ' • * » ' ' f ' 

'• In orde» to^avoi'd lengthy public hearings centered ^ the safety and 

'* thermal pollution Isfiucs^ the Public Service K] ectric' an-d Gas Corp. of ■ 

• )^cw. Jersey is planning a nucle;_ar plant 2.99 miles off the Jersey shore. 

The reactors wi^ be on 'f loating platfofc roughly 400. feet on pach side. ^ 

plant^ail ^be protQCte*d frbnf/igh sca^hurriCQnes , tidal waves, and 

aeci(i'ential ship colli^ibns by two ^iant broalo^atqrs, the one taward the 

"■ ' „ — ' -r* ' ^ 

( ocean' semi-circu4*^ and the one toward land straight, with a narrgw channel 
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b'etvicen the two.«*Io otl>cr words, a calm "lake" wjll be creatfed surrourtding 



•the reactors . * 1 ' ^ 

The proposal '-Sseems to hsave s^c5i attracClvc advantages- that there have 
been predictions ot a- chain of ^uch plants aroujjd the U.S. coast. There 
is, of Qoursc, pleiSy of tooling waller, and oceanographe^^s feel confident 



that the thermal "pollution" w!ll have no effect on marine life. In case 

of an accident, the preactors are well separated from populous areas by 

the three miles of ocean. . ' ' ■ ^ 

f ' ' ' . 

5. Alternatives or Options , * . ' , " . . • 

If accept the current situation as depicted in the prece^ing^ 
sections, the energy crisis is a fact. What options.^e available to 
amelcprate. tT^e ^ittlation? How can we avoid &n increasing frequency of 
black-outs and energy shortages during ^e years ahead? 

- Hie possible actions divide into two gcrteral categories: 
(1) l^egal, political, and social ' 
^ (2) TGchnological ^ ' * * ^ 

In this socio-tcchnological V^^l^m area, .the technological solutions tend 
to be relatively long-term jdst because of the lead "t line required to 



build n^ facilities,' ev(?n if t^e technical knowledge .is available. In ^ ■ 
addition, the most proWisirig tcchnologieal options (as indicated in Section 
,6) are still in the research p*iase*' 

^ For the rest of this decade and probably into the WSO's the. 

jUnited Sl;^tes will have to live with a contii)^id^g|ergy crisis, one which 
ig-^likely to become steadily wo.rse. ■ If we agrde that available energy 

* — , r ' . , " ^ ' 

1. If the situation becomes sufficiently friticnl and detrimental to the 
quality of life, a national energy program similar to Apollo may be polit- 
ically, attractive. Uilh an all-out effort, technology could yield 
remarkable improvements \^ithin a decade. ^ 
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* (par tlcularl^telect-r leal energy) vill not increase to meejt 'the potential 
.demand, -wie-'^ave t6 ask- what sfeeps can bp taken to cut usage, or at least 

to slow dovm the t^tc. or^grpwthi?;^ • . , * ^ 

, ; • ^ - . . . * • - ■ . - 

. Regulatory actions. ' * 

Tlve cost of electricity is controlled "In each, state by A Public / * 

•Service CommiSsxon- The structure of rate's is- available to thfe government " 

as 'a, means to modify usage ,->n4 the Commission daa place restrictions' on' ^ 
. • • * ' ' . ' ' - *- ' ' ^ , ' • . 

utility advertising -and operationsv^ - . 

At the present time, the rate^ structure' is usyally. designed ^to encourage 
: ' the^hit cost decreases as use incr'cases. Special ratefe 
are given for appliances, such as water heaters, which represenf* energy * ^ 



increased uSe. — ^ ^ 



use during times when, the toj^&l load is low (e.g', during the early morning 

hours). ^ <*. ■ . ", 

^ To discourage use, the first step might be at least a flat rate 
structure. In addition, there could be a penalty for use during the hours 
of peak load, although this change would "not be siraple to do technically. , 

There at'e objections "to '^uch a change in policy. In New York City, 
as an example, the tyo largest" users of ^ectricity 6re the subway system 
and the local government (for lights, building operation, and so forth). 
Penalizing these ^ustonicrs would directly lead to higher subway fares' and 
reSuccd mobility for the poor, higher taxes and a further exodus of the 
middle class. 'Other large users are |.ndustry and apartment houses; in 
neither case are we anxious to increase economic pressui^s. 



1. Two articles on energy conservation and reduction of needs appeared 1^ 
Science December 8, 1972 (pp. 1079-1081) ' and December 15, 1972 (pp. 1186- 
1188). . ' 
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' ^ k second, difficulty of using the,' ragulattjyy .mechanisAi to decrease 
• ._>^sage is^ that the elasticity of deni4nd is^very Igw.*, A price increase has., 
little effect on s^les- M*st p^eple just do not associate costs with 

- • ' . ' ' ' • • ^' ' . / ..^ ; . 

• specific ap^pliances. Tlie iycpical hoirifeownej has ^i.poor picture of the 

, annual cost of' each of- his uses o^* electricity, Ctele\>lsipn^ range, washing 

* machine, lights', and so on). The normal ' f^raily.^ is • quite willing to limit 

its use of air conditioning;^vhen tlie out^icle temperature is 80 F, much 

less enthusiastJLc when it is 98°F." UnforiAjtialeJy, the latter condition 

, is when the" energy 'crisis is critical.- ' . • . ' , 

Wliile regulatory authority can .ireadily be used to attemjft to reduce • 

*• • ' < • , - 

energy usage, there is little 'likelihood that the effects will be yer^r 
large. When the energy crisis is as -severe as if^omiscs to be. in" the. 
next few years, every helpful measure should be taken, even if the benefit 

Is small* - ^ **Jn ^ . * 

Education. and advertising 

As a nation, we are wasteful of energy — .no't only in the automobiles' 
and similar extravagant uses of power, but also in many smaller ways. Few 
buyers of air conditioners worry about the efficiency of the unit or 
whether it is unnecessarily powerful for the planned use. During the hot 
summer days, rooms are often kept appreciably cooler t|ian would be normal 
during the winter. 

Home.. insulation is often inadequate and incomplete, with the result 
that large amounts of heat are lost during the winter. . Wiile oil or gas 
heat should permit efficiencies as high a5'-70%, the typical home furnace 
operates at 40% simply because of maladjustment. Lights are left on un- 

41 

-necessarily; in sobe, modern office buildings a single switch controls an 
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entire floor, ffo that one worker use's illumination sufficient for hundreds., 

In pertain cases , lights can not be turned off^ithout disconnecting, the .* 

entire eltectrlcal system;: Incandescent lamps are still much more common 

than the more efficient fluorescent lighting. Th^ frost-free feature of 

• - 

refrigerators increases energy consumption. ... 

In proposals to cut thp growth rate of electric-energy usage frpm 

•its ptesent 8% per year to something like 3%» the principal hope is to 
reduce the Bnergy .waste in homes and commercial establishments. Under 

'pressure from the regulatory agencies, some of. the electric utilities have 
now converted their advertising toward a public education program to save 
energy. , The company, vhich not long ago advertised to i4op burglary by 
leaving a light burning, now publishes long lists of ways to save energy — 
such detailed instructions as . • 

Don*t pul hot foods in the" ref rlgerator * " 

♦ ^ 

Vacuum only on weekends » 

» o ' * 

Keep your oven closed while roasting; ea^h peek costs 25 F . \ , 

Use the dishwasher once a' day • • _ ^ 

Leave the thermostat at one setting 

Do all cooking for a day's meals at one time \ 

Keep blinds and windows shut on hot surimer days 

Reduce the wattage of corridor and closet bulbs . , 

TheVe is a real questilan whether such a program can make a significant 
difference in the use 'of Electric energy. The problem is again the 
"tragedy of -the commons"^ discussed on page 178. Each person has to be 
willing to sacrifice some personal benefit for the overall good; he can 
not act to maximize, his own ""pleasure or comfort. " 

The problem is also complicated by the uncertainties of how to present 

' an .effective educationalu program. 

.' • \ • . ■ 

» 

On ' 
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Enfergy use can also be reduced bylegislative mandates. • Slight 
Improvements cao sometimes bfe made 'Relatively painlessly, for example by ^ 
staggering x«)rklng hours to reduce- tfee peak' loads^on mass transit. Wastage 
' can be -taxed; although not always easily. ^ If an elec^;r^c utility is taxed . , 
""for using low^efficiency equipmefit, the cost of electricity to , the public 
rlsfes evea more (it probably is already high. because low-^f f<cl^hcy genera- 
. ticn ;tQhds , to use outdated machinery which is expensive to;^e,rate>V^* Tax 
on .waste night be possible by making the tax on ' an .appU^ce such as an 
ait conditioner depend on the efficiency of the unity^te^tainly the mmi- 
ufacturer can be requires to-.display the efflcienp^ of the device, hoper 
fully in terms understandable to the public. 

A significant reduction -^n energy use a4ld be accomplished over a 
very long period of time if buildinV^ode/were changed to require Insulation 
^ in homes and heat-reflecting glass onXmercial buildings. Estimates ar? 
that 40% of the energ'y used in Intei^or pllmate control could be saved in 

all new construction. 

More drastic legal measure/ have been suggested. Electric home heat- 
ing might be forbidden (elect/ic ^generation is only about 301 efficient, 
and often overlooked is th/cost of the air pollution which results from 
the generation by today'/ plants' which ^e primarily fossil fuels). For^ 
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i. Room air conditions vary alm/st 3 to 1 in efficiency, from 4.7 to 
12.2 Btu of coollng^r watt-hoi*f of electrical energy. New York City 
now requires that ^lis information be displayed. 

/ 



^ * s 



the same reaspns, the .electric automobile . seems to promise no rea^ hope 
iri the next two decades^ ^ / ' 



If the energy crisis becomes soff^ciently severe, even more drastic 
legislation may- be proposed. The manufacture or* sale of air conditioners * 
and .appliances could be. forbidden or limited*, perhaps by an excessive .tax 
or by using'a lottery, to' determine each year's lucky purchasers. When ' 
such thoughts had been presented in , testimony before a Congressional . • 
committee studying the energy crisis, a Congressman responded, "Have you no 
ideas that are useful to this committee?" ' ^ , 

Final comment / ' , ^ 

In this section, we have looked briefly at some of the measures which 
might be taken to ease the energy crisis during fehe nfext decade. Unlesis • 
i^e can imagine -a radical change in the , American pattern of living, no 
combination of thesS stops is likely fo provide more than a short-term 
amelioration, Qver the long term, ne)^ technology must provldsi the solution 
and hopefully before the impact of ,the energy crisis is disastrously dis^ 
ruptiye, _ ^ . % ^ 

* m 

t 

6> New Technology - ' ^ , 

Table 6-1 shows the rapid growth of the federal program in research 
and development in e*nergy problems. During a four-year period vhcvi science 
and enginpring research programs were totally at nearly a constant dollar - 
level, the energy program has nearly doubled from $363 million to $622 
million*' 

The taLle is important because it indicates the directions judged 
to be most Important by the federal officials and the advisors who have 
guided this growth* For example, the. fifth row from the bottom (Geothermal 
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Resoutcns) 4?hoWt; a 'very rapid grovtf> from $700 thonsaiij^ to $2.5 million * 

* • 

• this year-, >ycii though tho total effort is sfill r,mal^. 'Hie growtji ' < 

. • • • . 

cloihoiistratn;; the. pvouUw. of this'^potontial 'source of^usoful Quergy, the 

low lovol shows that* Lhoro has ^cu very iit;t.lo attention to this pos.si- > 

bility in' the past. , .* , ' 

i ' • ; • • ' ' 

' In 15? 'section, wc dl&cuss brit-fly a i/0.v of the impci'taiiL and ' 

cxtitinp, directions of futrgy rt-soarch and. dov^ lopmcnt . ' , ^ , 

— >• • m . ^ 

Pacif ic G;^s and EU-ctric Company now' is operating ait electric jTC-nerat- 

ing station from the goysorr. in tiicy Sonoma ValJey of California^ ,lhp energy 

is drawn P^ok the' heat vJoU ho.lov/ the surface of the earth. _ Th^' concept 

* - • . 

of u£-.ing (hiK fant;istiral ly large supply of* energy is not new: foryilmost 
70 years, electricity his been' generated frpn the tjtcnm coning out of the 
ground at I.ardereUo, Jlaly, n^id buildings in Reykjavik, Iceland are lieAtcd 
by hot water\^f^om ^hc 'ge.yjicr fields. 

Hot springs and ge-ysers are exceedingly, rare . At any place, however, 
if -one* drills far enough belbw the .surtace of the earth, h^ hits hot, dry 
rock --often at"900°F. In many places, this source of energy is near 
enough tli|^ surface (as' little as one railc) to be readied by ccononical 
di-llliiig. These, reg J fins often can be found b>^^ the large number of v«ry 
.small local earthquakes. :• , 

At Los Alamos, New Mexico, for example, two iy,000-foot holes ar^^ 
being drilled down to the granite which is at 600°F; Hie rock wi.ll be 
cracked so water can penetrate. Water 'is tlicn allowed to ^jll into one 
hole, it tutths to steara at the rock,, and steam rises to the Surface through 
* 'the second holL This steam Is used for the gcneratiorT of electricity. 
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Superficially, the. schome IbofTs cxct^edingly attractiv.e^ feteaw is 
* obtained for only thti cosl:*of Lvo hoicks. * '^lic energy is free. ^ . 

Nature i^ seldom V,o kind, and ifc is not surprising that thete' are 
. tcchnologftal ilif f icii-lties . ' Tlie sCeAm which ri/ses is at a temperature , 
much Ibwcr-than lu-edod for cf f icionti, gcnemlHon of electricity, llie rising 
Steam may hava t^xcessive aufbunts of sulfur and salts ,^ with air pollution 
the result unless costly oqulc^mcnt i-s added. Because of uncertainty 

V- • * . - • 

about Uie economics of clean elect^rical generation, fhe futur(i place of * 
gcdlhennal sources in the ^ot'al energy picture is not clear* ^ ► • 

* I - ■ • ' . 

Extract ion oi To^^ ^tl fp els ^ ' . ^ 

llie first tlir^e lines o'f Table 6-1 rcfer^ to the federal programs 
directed tovMrd bet ter'utllization of the eiToriaous' supplies of coal 
" avntlabl'e v;ithin this country. As showi^ there, as littli? as four years 
ago, very few research-development dollars \kir^ allocated to this field; 
it is only very recently that planners have recognized that the limited 



.rbservos of gas and. oil can be conserved by a switch to coal in many 
s ^ ' / 

applications, llie result is a rapidly expanding program in the Department 
of the Interior under two organizations: the Bureau of Mines, and the 
Office of Coal Research. * 

A major thrus t^^e^—this program is toward clean coal gasification: • 
the production of clean^' gas to replace natural gas. PrinclpJl limitations 
are the cost of the gas produced and the large quantities of water needed 
for the process at a time when fresh water is also in seriously short 
supply in much of the country. 

One interesting item in Table 6-1 is the third line, for mining health 
' and safety research. 200 miners arc killed each yenr and many more develop 
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Black Lung disease. In the latter .category, the govGniment now spends 
one btlliofl dollars annually for sufferers and survivors, seemingly i 
dis proportionate to the 30 million devoted to prevention and to ^mproye- 
ment of conditions in the mines. 

■ ' . • ^ V • 

Solar enprgy . . , • ^ 

J • ' ^ '' 

\. For *many years;' tHere have been- hopes that energy -from the sun could 



1je used directly for heating and particularly foii^ the generatidn o€ 

electricrty. In Table 6--1, soiar'-energy research is included within the 

line 'entitled Energy Resources Research, sponsored by the "National Science. . 

> 

Foundation.' ^ \ - 

Use of SojJar energy for electrical generation is feasible btit economic 
cally unattractive. In the past, cost determinations have shown a figure 
as much as 100 times that for fossil-fuel systems. To collect a significant 
amount of energy, the plant wpuld have tbybge located in a cloudless desert 
arei,' Tlie collector would be af carefully designed surface, perhaps a^j^st 
two nlles^on each side, , and mada of^ve^ry thin layers of materials chosen 
so that it absorbs most of the heat but radiates vefV little away. 



1* 



Even if enough energy can be collected, there is a problem because 
'electrical gerteration is most efficient when the turbines are driven by 



sttean at high ten^eratures. Even" the most optimistic plans for solar 



1. Unfortunately, black bo'dies which are good absorbers also' radiate well. 
The solar energy is primarily in the visible part of the spectjrum, while ^' 
most of the- radiation f rom *the collector is infrared. The* trick is to 
build a surface whl^h ^?looks black to, visible light, but like a' mirror %^ 
infrared. This can be accomplished by layers of thin films: the outer 
layer absorbs visible light but is transparent to inffared; the inner layer 
reflects the infrared. One further problem is the high costs of keeping 
such a surface in a vacuum so air d^esn^t carry away the heat^ and ^ ^ 
dirt subtract from the collection efficiency. 
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generators Envision a relatively low efficiency proc<?ss.,t whic^i „is 

economically attractive only^ir.the losf heat, can bo ^ed' for other 

purposes 'such' as water cresalin3'2ation.'' Tlnis , the ,f easibil*y of fhe - 

.direct use of solar energy foi/electrieal gt^^eratj-on is s till very ^ 

questionable, although there are'^ few cngiAeors who Jire ardent advocates. 

Solar energy ioir' hom'e hc'king and^lr conditioning, on. the othonr . ' r 

liand, docs seeis 'attractive; it is' already ccono.-nical in such artrfs as 

'southern California (outside the snog rcKiofi), and fhuaper than elec- ^. 

trii heat . in the New York vicinity, although, still twice the cost of 

oil or gas. Under research since'. 1938*at.M, I. T., the system uses a 

roof collector; water passii^g by .is heated and theft stored. Tne-mpst 

■» 

pr'onisl.ng arrangcinent uses electric heat to cotsplcmen t . the stolar energy, 
since -the latter dem^ds sunshine on at^ least every other day. 
Other jgle as 

Tliere are several other attractive rescnrch arca^^A totdl energy 
• ■ " ' .1 

system for the home is being used in newer apartment complexes. Here ^ _ 

an- internal combustion engine drives a generator foif on-site electrical 

eriergy. . T^e exhaust gases and waste anergy are used to heat or air 

•condition. Tlic \air.a system can also handle solid waste compaction (and., 

indeed", in a few e^ies 'waste burning in incinerators is now being used 

to give useful energy). 

in a parallel e^periraent with self-sufficient systems, fuel,t:clls 
^^re being used in a few homes, 'with hydrogen a possibility as an energy 
source, fuel c^uS yield high efficiency (50-55%, comparedno fossll-fuei 

^generation at 30-35%) and very little pollution (water and carbon dioxide 

1 > ■ 
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arc products , 4and t])t?r:nnl poJriAitioii is rbdiuyd by tho-hi^^h ef f icirncy) . 
In both this aoplicwitslon and the 'above total hornG <Biiar£;y system, tthe 't 
initial equipn-.onf cog t rj}d* r.aintcnnnce prohlcn^„ are sev^xo; probably. . } , 
the liomeowner would runt the Gquipr.ient from a utility c.o:?.pany. 

Table 6^,1 mdicatys the' n:ajox research in the liqvii d-metal , fast 
* -flprecder re.icL-.or '(LlIFi-li) , in the lom^-tGrin hopo of controlling nuAear 
* fusion, apd ii\ generation and transr;.iss;ion using cryogenics * (temperatures 
vcryncxar absolute ^ero , so that there is no 'r(;^s is tan ca to electricity 
and henct^ no energy lost in heat) • ^ . ^ 

In th'i|^ field of energy,' thcre'^is alpo an assortiaont of much Ttiorc 

• ^ ' ' ^ / 

radical prcpof;als , often promoted enthusins ttcally by individual scicn-- 

r ■ ' ■ ' 

' tists and en:;inecrs* The fider, contain enormous ^mounts of encrcy which, 
is unused* VJir.Js provided' oncij:[;y ji^ars ago vIilmi windmills dotted tfh^ 
western European landi-capa. In tlio ocean, there are areas where- the ' * 
te^ipctature ch::nges rcvpidly and heat energy night be extracted. , Solar 

, energy jpight be used tq grow pl:>ntS' to be burntul or to uce chemical 

chnngcs wlilc.^i could store energy. Fii^ially, the* re is a proposal' to\>rbit 
an enorni^Uh> solar^cnergy collector. The enoi-gy would be converted to 
microwave fretpiencies and beamed on to an earth receiving station. 

7. Final Co: nmont:_ 

* 

Tlie energy crisis is so very important because the elements of 
extreme social difficulty already exist. Natural' gas, in particular. Is 
limited. Electri*cal generating capacity is only slightly greater than 
demand in peak periods, while electrical use .is -growing nt the alarming 
rate of '8% per year* ^ 
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The cori'struction ;<^-f hev; ge^^t^r^ting^' cnpacity or,'' tl'-c f conversion 
betvc'e,n fuels involves :' long tiino la^,s, of ten , seven' i'GAVs . I^rpmising 
aaw', technology will not be:. significant for an even longer period of ^ 
tipe."' Thus', the onc^rgy- cri-sis is alr.os t ' sure to vorson froni n)pw 

into 'the 1^80' sV -':-Sevove legal rastraintS'' on en,Grgy use ^lfill 



vbll 

• be necessary to minim>o the. dlsrujUlon of the sociai' syste^i. ' 



sin 



1. , . ' . :' * ' ... ■:>.■■•'• • . 

' ..^f - CHAPTER ' * . J 

/• „ . \ . NOisi-: E^'V1R0N:■^■;NT " ■ - ' * - / 

.' • DieSpoken vord. "sce"''is*ifocordad and played ovor arfd ovnr again to ♦ , , 

' 'j . V*' ... f ,. , , ' ' ,/ • 

* ' .'*■ • » . ' 

a listens rV/ Ife fhe jjprd is repented twico <>acK' second fo'f three jijinutes, 

• * • . * . . ■ ^ • ' p - . li . 

;a total oE 360 ^tinfns j ' the avei-agc )fott$g adult, hears sbinoflfhin^ like siy 

/■ dif faro'nt -v.'^rds » with the 'chanp^os bqoifrrlnj^- pevsslb'ly .30 tig^s. lie will 
■ "" ' . '' . ". •. • ' * ' • ' '^'^ 

hcnr such rcl^a-ted tprms .as "casu'V "fef'', "lee", and so fgpth. ^ 

■'' " , Tlie ar.tonishrn^" feature 'of this experiinent, ho^»Gver, iV^ that thfe 
results rre age-depcndci^t. ^ M|^thQ age of 5 , the .chil/1 experlouccn' no 

' -iliusions; by 8, he hears) the full group; this "culpability" lasts until 

the wheti it starts to doc^ne ; "by ago 65, he is back to/ the status , 

of the liva-yaa^^olA chlW.. Apparently tho percfcptian of illusions dcpends| 



on the vny in which the Individual's nexvo/system and Ijraln^process the 
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sound .inputJs. ■ y ' .' '■ 



The experiment illustrates thi fundamental problem when"w6 tty to 

. • - V ■^ 

study the effects of varlouf> sounds on human 'belnfiG . -A sound signal is 
♦.a real, mca'surable thing: it is simply a chaftgc of ^he pressure In the 
air. Wiif-n it reaches a hunu-in -being, the sound'^ignal starts some of the 
30.000 hairs in the inner ear vibrating — \,rfiich hairs vibrate and how 
sluch is determined hy the particular soured. As these hairs move, nerve; 
cells at the base of the hairs are actuated, and electrical signals.' then 



1. Richard M. and Rdslyn P. ^<^ren ,. Auditory.' Illusions and Conf\jsions, 
Scientific American , Dec. 1970, pp^ 30-36. - 

2. One immediately thinks of iislng such tests to irieasure verbal capabili- 
ties of children in the Ic^r clcmen.tary grades or,- at t^e other end of 
the spectrum, to obtain an indicator of aging. 
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*travel from thes^ c^lls to t^ic brain. , . . 

Thus far, Gverything ^ straightfor\s'a(-d .md reasonably undurs^aiTdable 
(even though we do npt, understand as .yet the coding or-systcm that deter- 
minea which nerves aro- csnersi ;:<;d by particular sounds). Tlie human reaction 
, to diose elcctri cal. nerve sii^nals reaching the braiu Is hovevei? , vas.tly 
more cofiijjli catod. A particular sound nay oause nanv different reactions. • 

•from different pconlc. Responaes ,f ron the same person may differ greatly 

/> . ■ -I 

"depending on vhat he is doin£' a^ the tir.io, his falij-^ie, hi^ state of in^.nd, 
and so forth. • • . - 

' Thus,, the study of the effects of s'o-und on people is an fi?!xcccdi'ngly . 
complex subject, vhich-brings together the physics of sound (called 
acoustics) with psychology to form the siibject of psychoacoustlcs. , 

In this chapter, we want to fdok at one type of sound: ^ no l_se. which • 
isuwh'slred an^r!YK:nnJU'_un;il£^i--.;m^^^ Specifically, we cunsider liow 

noisQ can be described quant-i tn t ive ly , the effects on people, and then 

bhe sources of noise and ho-.a tlrey can be conMolled.,. Tn other terms, the 

" , ■ ,/ ^ . 

goal is thQ study of the noise environment, with emphasis on the alter- 



natives available to us to control this form of pollution. 

1* I'lea.mirlng Noise 

Noise, or more generally sqund, is a variation of the air pressure... 
At the surfa^ce of the. eattli at sel level, the normal air pressure is ^ 
approximately l4.7 pounds per square inch. The air suf rounding, .the earth 
exerts^a pressure of 14.7 pounds on each square inch of the surfacQ, or 
more than 2100 pounds on each square foot. 
* ^ U'hen a speech signal Is sent out fr,on a speaker's mouth toward a 
; listeod:-, the talker forces the air prcsstii6 at his mouth to vary in a 
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way corrtisponding to the sounds boinj^ sent. This signal or pressuije 

ch^n^H? travels out in all directions at a rate of appri^xinately 1100 

- ' • ^ 1 . • 

feet /second or 600 milcs/hcur — the- speed of sound in air. The pressure 

clianges reach the listener's ear, where they cause the hair vibrations 

mentioned uarliet. . , ' ^ 

Tliis pressure wave, travclMng out fron the speaker until it reaches 

the listener, is characterized' by two features: tlie si^e of the variation f 

wHich is called the artplifudo, and the pitch or freq uency — the number 

of cycles of variation each second, /iluas , araplitude and frequency nre 

tt^o basic measures of the charactcri.s ticS of noise, 

2# Frequenc y 

.\sliea a tuning fork for middle A Is struck, the sound enittcd is a pure 
musical note, in this case /»40 eye] es/socond . Thi^ prcspura resulting from 
this note ehanges with time as yhovai iij^'iR. 7-1. ^Tlie prc.'^surc inercaocs 
and decreases, as time progrcf^seSj around an avi-rage value ( 14 . 7 ^pounds/square 
inch). Each' cycle lasts l/^iAO second, or there are 440 cycles per serond. 



Pressure 



Average 

value . 0 




Time 
(seconds) 



Safig. 7-1 Pressure in the presence of a pure- 
middle A note. 



Ij llils speed o£ sound in air is the basis for calculating the distance to 
.a l^htening stroke in a thunderstorm. Light travels alinost instantaneously 
(A 85;"000 miles/second , the sound of thunder at the speed of sound — 600 
miles/hour or 10 miles/minute or 1 mile every 6 se-conds. Hcnce^^each 6 
^conds between the flash and the clap correspond to a distance of one mile. 
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In nathcmaticai terms, the ' pressure is varying sinusolcJally at a frequency 
of /*40 cycles/second. 

\n\on irdddlc A is. played on a flute, the sound that results contains 
'not only a variation at hUO cyclos/eec, but also the second, third, fourth 

* 

and fifth ha'rr.io^lcs at 880, 1320, 1760, and 22Q0 cycles/second, respectively 
Eac|i musical Instrument has a unique group of harmonics, so that we can 
reqognizc tlio iusLruincnt by listening to a slnj^le note. 

r A fundaiiiental theorem (the Fourier theorc;:i) states that any sound 

1 

signal can bo represented as .the suni of pure notes on-sinusoidal signals. 
* My noi.'jc is f^imply the adding togcthor-of pure notes or frequency compon- 
ents. Most nolse^igncln, to be sure, consist of thousan^is of -separate 
frequencies,'.. but t!ie important thinr is that this deconipositl0n does exist. 
As a result, ve can describe a noise signal In terms of its frequency 
components. ■ ■ « 

This frequency decomposition of sound is particularly important In 
our st/fJcty of nol^e pollution because the hunan car responds to only a 
relativily narrow range of frequencies — from about 30 cyji^e^sec^ to 
18,000 dycU:s/se'c in ihe. teenager with ideal hearing, and an .ippreciably 
narrov.'cr I5:md for older people, ""rh^only noise vfiich affocts people is 
tbnr part within this frequency band. (Hie whi.'itles used to call dogs 



1. See ECCP, "Man and His Techndlogy , McGraw-Hill Book Co. , New York, 
N.Y. , 1973, Chap. 6. ^ ^ 

2. To measure frequency, we are using cycles per second tliroughout^ this 
chapter. About a decade ago the^engineers and scientists ^^lecided that 

a new name should be' given to this unit, and it is now officially called 
Hertz, in honor of Heinrich Rudalf Hertz, the German physicist (1857-189A) 
wHo fi»rst demonstrated the produtition and reception of radio waves. 
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usually have a frequency around 20,000 cycles/second, vhlch can notyJsc 
heard by hunaa beings) • 

TliG sensitivity of human hearing varies markedly with the frequency 
of the sounds. Figure 7-2 shows the* weakest signal the averago, nonnal 
person can bear as the. froquoncy changes from 32 to l6,000 cycltis/second 
(almost four octaves below middle A to five octaves above, with each 
octav e increase moaning a multiplication of t^ie frequency by 2). The ear 
is most seiuiitive at approximately 4,000- cycles/second. The curve varies 
rather smoothly toward a minimum between 2,000 and 4,000; the bulge down- 
ward near 4000 arises because in this frequency ranee the sound wave 
Striking the face tends to travel around the head to the ear (through the 
process called diffraction in physics). ^ . ■ 
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The curve of Fig. 7-2 is measured with an audioiTie tcr — a device. to 
measure a person's hearing capability. In the earliest hearing measure- 
ments during the early 180'0's,-a tester simply spoke at a constant amplitude 
as he moved away 'from the subject. Even in the 1930's the author's hearing 
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was cliucked in elementary scliool by ess.eat.i</lly tho same procodure. ^ 

By the niid-3 800's u Liinirta fork was xuu-d to generate a puro cote, 

with the cli.TtancG between the fork and ear varied. Electronic equipment 

'became available about 1920, after the invention of the vacuum tuba per- 

.mittin^, precisely controlled amplification of the electronic signal. Hie 

great advance in audiometers cai^e , iwwover , at the close of l.'orld Uar II, 

motivatod by the desire of the* Ar!ny and Vt?terans' AdmlniS'tVation to measure 

accurately the heai^j-ng loss sustained during combat. In recent years, 

speech at a carefully controlled amplitude has been uf;ed in addition to 

the pure-tone;' tcs^ in audiometry equipment because certain hearing problems 

do not appear when the subject listens to only the pure tones. 

Figure 7-2 shows that noise pollution which is nost annoying to people 

will be that in which there are large conponcnts in the frequency ' range 

t. 

from 2,000 to 4,000 cycles/second. Hero the psychological aspects have 

to be introduced well- Wieij, subject!; arc given dlffGrent types of noise 

m 

and asked to adju.st their levels or amplitudes so that, all* sound "equally 
as annoying," we find that there is a si^;nif icantlyy nore intense dislike 
of noise from 2,000 to 8,000 cycles/second tlian would be'predicted from 
Fig. 7-2. Not only is "human hqnring more sensitive at certain frnquencLcs, 
but in r.;.!dition n ;5C?rr:on fln,^r: this rnrt^^ of f rcqi^'^ncics particularly 
unpleasant", Noisa in the band 2,000' - 8,000 cyclef;/sec must be especially 
iBinlmized if we are to improve the noise environment. • 

« 

3, Ampl .i tude 

The second important characteristic of a sound signal is the amplitude 

or, in general terns, the Igudncss. At 4,000 cycles/second, the weakest 

• . , ' -9 

'sound anyone can hear represents, a pressure variation of 2 x 10 times 
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atmospheric prc;:sure (i.e., two .bi llionths of nL::;o.';pheri c prcr.sure). The 
loudeat sound tht' oar nan loli-rato without -pain is about 10 million times 
as,i5rcat, or 2/100 of atnior.phuric pressure. llic human ear can detect a 
fantastic range of sbupd aiiipli Ludcs. ■» 

In Section 7 of Chapter 2, we plotted curve-; of exponential growth 
covering an cnotir.ous range. 'Hiore we. found it convenient to let each 
vertical divisLuii repr(>.sont the same Multiplying factor, lliat is, each 
tinie we moved up on the* grapli ky.one division, we nmltipllc^i the quantity 
by 2 or any convenient factor. It is useful to measure s^und amplitude in 
the'-juini. general w^iy'. To do. this, wo arbitrarily call 4:he weakest detect- 
able sUgnal 0' dB (the nfeasure wc are using has tlic name dB, which stands, « 
for decIBels).^' Every time; we multiply the sound amplitude by 10, we aciV 
20 dB. Thus, eomparod 'to the weakest detectable signal, 

a signal 10 times larger is . 20 dB 

a signal 100 times larger is. 40 dB 

a signal 1,000 times larger is ' 60 dB 

a signal .10,000,000 times larger is lAO dB (the si^gnal* at the pain 

level) 

This use of a dB amplitude scale is, first of al2*^ convciUencc. We 
don't have to talk about^gnals 2v000, 000" times nr, big as others; in other r 
words-, wc avoid the use of the multi-digit numbers. Also, the human ear 
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1. At an Apollo or large space I'ockct blast-off, spectators are kept far 
enoygh away to ensure, that the sound doos not exceful this maximum level. 
2/100 of atmospheric pressure is about 0.3 pounds/square inch, or a pressure 
of 60' pounds on a man's c])est and stomach. Tlius, tlie statement that the 
awed spectator makes that. lie can feel the pressure waves on his body is not , 
unreasonable. * - 

2. Hie. original unit was in Bels, named after Alexander Graham Bell, with 
the second L somehow being lost. A more -convenient unit is tenths of a 
Bel or a deciBcl. / — '" ' 
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'responds in approximately this u-ay. . "llic incroj|;o in loudness as noise 
gods frora-20'tfc -'.0 dB is about the same ps when it goes from 80 to 100 dB. 

A sound or noise" signal is measured -in deciBols or dB? Sounds can - 
appear in the rai\gc from 0 dB td UO dB. The vertical scale of Fig. 7-2 
is no-.v understandaBle. At 50 cycles/second, the signal has to be 60 dB 
to be heard by the average person — it vould have to b^e 60 dB or 1,000 
times larger than if the frequency were A, 000 cycles/second. 

Cnfortunatcly, u-hcn we study noise, we arc rt;ally interested not in 
the a:;plitudc of the sound, but rather in how loud it sounds to a huiakn / 
being. As Fig. 7-2 shcfxvs, sounds around 4,000 cyclcs/sec seem much louder 
than those at either low or high frequencies. Usually noise signals are 
'made up of-,inany different frequencies. How dp wc account for the relative 
aniplitudcs of the diffc^.rcnt frequency ccinpononta and also the sensitivity 

of the human car? . * 

The simplest answer is a new measure kfiown as the dB(A) scale.- Wlien 
a noise meter measures in terms of dR(A), the different frequency components 
of the noise are weighted according to the sensitivity of the ear (the _ 
part^ of the noise around 4,000 cycles/second given the greatest weight). 
Tne meter then sums the effects of the different frequencies to read an 
apparent loudrtcss value — say 85 dB(A) . Thus, when we say the noise 
ievel is 85 dB(A), this means that the human ear perceives this* noise to 
be about the same loudness as a pure ,^4 ,000-cyc;ie5/second note at an 
amplitude of 85. dB. Tlic dB(A) scale is an attempt to measure the apparent 
loudness to a human listener. 

' ■n)ere arc' a large number of other , loudness scales which are used in 
noise studies. Tlie perceived noise .level (PNL) was developed particularly 

9^ . - 1 



to measure aircraft noiso near an airport. Tlioro are also 4iB(B), db(C), 

and'dB(D) scales, noise cxltoria (NCVt;urvGs, effective perceived noise 

level' (Er;a), traffiic nois.e index (TN^ m^d so forth. Many of those ^ 

have been developed for particular ni<*asuri^e^t», suo^ as factory noise, 

street noise, etc. Tlioy often involAte^studias with sample groups of 

subjects to determine when people feel s^ab jecttvely that two noises are 

> • 
equally, annoying. . ' ♦ . ^ ' 

t * % . • . 

Most of the inexpensive noise meters neasurc d^A) , and this is Che 

scnle^'most often quote^l in the newspapers and public ma^dia. Regardless 

of the particular scale used, the results are generally coipparable and,. 

for the various noise situations shovn' in Fig. 7-3, we obtain approximately 

the measuren:t;nts shox^m. 

A. Other Qinrc^eris tics o f Noise^ " . 

♦ 

The effects of noise on people -depend not only on the frequency and 
amplitude, but also on the duration . A very brief noise, such as a gun 
firing, has much less effect than a long-duration nois-e of smaller a:npl*.tude. • 

The importance of this characteristic was -recognized as" early as 1936^ 
in the •Wal.^h-IIealoy Public Contract Act. The U.S. Department of Labor 
has the responsibility of sotting noise "standards for the protection oS 
workers at any manufacturing plant which has a fe^ieral cont.ract of more 
tlian $10,000. It was" 1969 before an atteinpt was made to enforce this ■ 
worker-protection provision, and today monitoring tends to be irregular • 

and occasional. • 

Dnder these regulations, the allowable noise levels arc shown in 
Fig. 7-4. 90 dB(A) is the limit for exposure during an 8-hour, day; 115 dB(A) 
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dB(A) 

Thrcshhold of pain 140 
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Inside subway train 
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jFig*' 7-3,. Typical noise levels 
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A]lovrable noise exposure in industry. If there ^nre two 
or mofe exposures at different levels, the lliniting 
value is detennined by the fraction of 'the allowable ^ 
time at each*lcvol. Tliis , total of these fractions 
should not exceed unity. For example, 5 hours at ^2 dB(A) 
(vhcro 6 are allowed) contributes 0,83; 1 hour at 95 dli(A) 
(when 4 are allowed) contributes 0,25, The sui^i is 1.08, 
which exceeds the allowable value of 1. 



« * 

■ i " • ■ . • 

' when the duration is only 1/4 hour. In addition, impulsive or impact 

' noise (lasting for' a verr brief interval) must not exceed 140 dB(A). In 
general l^^se levels have boon sot from past histories which show that 
1/6 of the people v/orking in an environment at this level will have severe 
hearing problems in later life, cbinpared to the population average of 1 in 
14. Tlie "allowable;" levels are. not what one would term "safe," 

these limits are e^ccceded, the manufacturer nust make every reason- 
able effort to reduce the noise to which workers are exposed. If the 
noise level can not be reduced below the \/alsh-Healcy limits, workers must 
be given earmuffs or ear plugs for protection. 

There are other characteristics of noise which know from experience 



90 



ERIC 



220 

s 

influence the effect on people.. Tlie unexpectedness of a noise is certainly 
* * 

important. The human being has the capability of some sort of self -blocking 
of loud noises. Vlien a balloon is popped in a small room, if we anticipate 
the noise, it is not particularly disturbiixg. Apparently the person activates 
some sort of a mechanism which either partially blocks nerve signals to the 
brain or liiiiits brain processing of these signals. 

Hu:aan hearing also ha^ remarkable capabilities to respond to certain 
sounds while rejecting others.. The most famous example is called the 
"cocktail party effect." In a room wi.th a very high sound level, a person 
can understand a singlf? conversation in which he is particularly interested — 
eiffe thoush on a scientific basis that conversation should be' totally swamped 
by the general noise. ' . 

Other largely unexplaincd^phenoTnena are found in a study of human 
hearing. Tliere are in^skina ef facts', in which the simultaneous appearance 
of two different sounds may result in' o^e being totally unperceived by the 
listener. Certain sounds seem to be particularly linnoying to some people, 
while, almost unnoticed by others.- A familiar example is the shrieking 
sound as chalk is pulled across a blackboard. 

A class icsexainplo of the com'plexity of human hearing is the confirmed 
ability of a sleeping mother to , awaken . rapidly when her baby utters a weak 
call for help, while .she sleeps soundly thrbtigh enormously louden sounds 
from outside traffic, thunderstorms, and the like. 

All these. uncxplairled phenomena combine to make the study o-f human 
hearing, and of human senses more generally, a fascinating frontier for 
engineering research. At t^e same time, the unknowns complicate the studj/^ 
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of noiue pollut|.«.n . Since we really don't understand how a portion hears, 
the dntcriuiuatioa oC the effects of noise pollution on people is excn^gdingly 

lb 

difficult. 

« 

4 

5. Ph ysiological Kffccts of Noise 

Thii average noise iQvel in parts of New York City during a working day 
is approximately 80 dB(A) and seons ta be increasing at the rate of 1 4^(A) 
per year. Comparison with the allowable industrial Icvcls^f Fig, 7-4 
shows that in one decade the city noise will exceed ^he value allowed for 
8-hour exposure. Tliese data *have led some environmentalists to predict 
that by the end of the cefttury half of the residents of New York City will " 
have seriour, hearing problems, The situation may be worse than this, since ^. 
th^re is the posslhility that long-term exposure to the Walsh-ltealey allpw- 
able levels may cause hearing deterioration. 

. Wille hearing loss from noise pollution was first recog'nized in 1830^ 
concern is reinforced by sQveral studies in the past few years. In the 
United States, hearing seems* to deteriorate rather generally with ago. ^ 
Not only is^ there some reduction of sensitivity, but there is normally a 
marked decrease in the maximum frequency which can be detected. The 
highest key on a piano is about A, 000 cycles/second; it is not unusual for 
older people to be unable to hear ^hls sound. In direct contrast, studies 
of African natives, who have Xived in a quiqt environment, reveal no 



1. Tills is clearly not a valid prediction. Once a large fraction of the V 
population is deaf, these .people will^ be severel y ^1 imi ted in activity, 
and the city noise^ level iill fall. The growth of deafness will not be 
exponential, but will follow the sigmoid characteristic of Section 6 of 
Chapter 2» , ' 
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■ dcgrndation of hearing with ac^ . One niicht argue^that the small life V 

expectancy means only the haiJLt:st survive, but there scena no logical 

•reason why the "liardiest." should have exceptional hearing. 

In another experiment, four years a^.o a quarter of the entering 
freshmen at the Lnivcrsity of Tennessee had hearing deficiencies. A gmnea 
pig was outfitted with one car plugged, the other open. The animal was 
exposed for 88 hours over t]irec montlis to music adjusted to the sound 

l^vcl popular with ^teenagers . Tliis exposura '^corrosponded to a typic.il 
experience of a high school student. At the end of the test period, the 
plugged ear of the guinea pi,; retainad excellent hearing, but in -the open 
ear most of the nerve cells had been destroyed. Uliilc it certainly is true 
that results for gnlnea pigs can not be carried over to human beings, y 

experiir.cnts such as the above liave raised serious questions about flie 

'* ' * ) 

effects of loud music and the general sound envi.ronmont. j 

lliere is a scarcity of medical " data on which to base broad studies 
of the changes, in hearing capabilities'of the population. .Hundreds of 
thoysand^ o^ Americans have been given batteries of medical tests including 
audiometry or hearing, particularly in the automated multiphasic health 
~ testing centers which have become so popular in the last few years. Unfortun- 
ately, these data are not easily recoverable, and they als.o are complicated 
by the use of different equipment in separafce' locations. 

Measures of deafness or hearing deficiency are only rough estimates. 
It does appear that approximately 10 million Amnricans now have hearing 
problems, although perhaps only 10% of these are deaf. _^S<3mewhore between 
6 and 16 million xs^orkcrs are currently eKOosed to industrial Voise levels 
exceeding' the' Walsh-Healey standards. 
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The latest rnscarcli hints l:haL the situation may bo even more serious. 
Sdudic^s at Mt. Sinai Medical School in Ncv York have revealed that hearing • 

M 

. ability falls off much more sharply witti age than me as ur^ by the usual . 

i ^ 

audionsctry tests. Ti)e- older porson is less able to understand either 

speech in background . noise , or spe<?ch wl^di ^is interrupted by hnving segments 

sliced out. It is not clear whether this lo^s of ability comes from the 

hi-'aring mechanism in tlie ear. It may be ju.st a decreased capabili ty t?f 

infornation processing in the brain, since the human being has a remarkable 

ability to listen to large blocks of words. In the days when the telegraph 

was a vital communication medium, the highly trained operator receiving a . 

.message would write as much as 12 words behind the signals he was lioaring. 

This lag allowed" correction for errors. In the same." way, an expert typist , 

is aware of 4-5 words ahead of the one being typed. "Very possibly this' 

ability to hear or rend large groups of words at a time diminishes with age. 

Thus far in this section we have discussed a single physiological 

effect of the noise environment: poorer hearing. Tlicre are other obser^d 

effects n^hicli are even less underntood. Noise causes: 

Fatigue *■ Muscle tension . . 

Incp-ascd heart rat£^ Sweating ] k 

Constriction of blood vessels Dilation of pupil of eye 

Dilation of brain blood vcnsel& Lo'.;cr electrical skin resistance 
Gastric activity 



1. In an audiometry test, the subject listens through an earphone to a 
pure note which is gradually changed in amnlitude until it can just be 
detected. After the test is repeated with frequencies; over the normal 
hearing range, we obtain a picture of hearing 'sensitivity similar to 
Fig. 7-2. - ■ y , 
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There is a suspicion that a sustained noise^ environment in.iy >t related 
to heart and neurological problems. Very ]oud rfoiscs-havc induced air 
ljubbles 4.n 'the veins of small animals, with rosultinL* drath. Recent 
research has' suggested that excessive noije may affect the fetus before 
birth, p^^lpS-X even contributing to malf orniation. Finally, the cla^m has 
been made that the anal sphincter muscle resonates at about 75* cycles/second; 
a sustained sound envirorvitent at that frequency ajid large amplitude cauSes 
muscular 'oscillation. * . * . 

^Apparently soma people have 4he ability to aditpt to a noise environ- 
ment, and the effects decrease with timt. Others sjiov no adaptation, and • 
a third group becoraes rtiore disturbed as time passes.- ' • 

s 

As we lock at physiological effects, we find very large areas of 

( 

uncertainty. This difficulty arises again and agaia' in environmental 

< k 

i • - 

problems. Scientific knowledge is just not adequate to predict the effects 
on human beings, whetlier we.'aro discussing noise^r air pollution, crowded- ; 
ness, and so forth. The worry is that the physiological effects wlll.be 
Irreversible: before we obtain the scientific knowledge nehded to mdke 
intelllgnnt decisions, permai-iont phanges will liavo occurred. 

6. Psycliu logical Ef fects^ 4 , ' > ^ 

If the physiological- effects of noise 'arc uncertain, psychological 

effects represent a inuctt worse sittiation of Ignorance. Very few facts 

are available. , . „. 

Experiments at Stanford Univers^y have shown that outside noises 

during the night can disturb deep sleep without actually awakening the 

subject. . If the noises are repeated every time the man falls into a deep 

• \ ■ ■ ■ • . . • 
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slaep (as mcagurQd by brain waves), he is unusually tired when he awakens 



in the morning. Furthermore, dreaming can be prevented, with the resulting 

1 • •■ . ' ' 

possibility of emotional problems • ; • ^ . 

It is not even clear how a noise background affects human parfomiancc 

in^'other tasks. 'Some experiments have indicated that^ise may 6e advanta^ 

2 

geous in routine tasks, at least if it is not annoyingly loud. In tasks 

requiring mental concentration, noise often lowers work 'quality . 

A common experiment in secondary school science classes involves 

giving students two sets of arithmetic problems. One is worked in a 

^uiet environment, the other^ while noise ia generated from an aifdio tape 

player* Performance usually falls dramatically .when, the noise is turned 

on. Tliis hardly constitutes a serious s^^ntific experiment, however, 

because the subjects know the result's expected, the noise is .not present 

long enough to allow the students to become used to it, and the Hawthorne 

3 

effect Influenc^g the results. 

Noise apparently -tujs an effect on perr.onality. ' Studies have indicated 

• that m.en who work in noisjy surroundings tend to be more aggressive and 

• - f 

distrustful. They also tend -to have more family problems than nonnnl.' 



1. After the author gave* a talk during which this was raentioned, two of 
thl; menbers of his audience rushed 'up to J;hG podium to report with great^ 
concern that they never dreamt. Were they then prime prospects for emotional. ^ 
problems? Tlie answer, of course, is that most people don't realize they 

have been dreaming during sleep. ■ ^ ' 

2. A few years ago, many dentlsVs piped noise through earphones to patients 
to decrease the pain associated with *dril«ling . 

3. At the Hawthorne iron works, productivity increased when illumination 
vas improved. Some time later, productivity increased again when illuiTiina- 
tlonwas decreased. Workers (or students) respond favorably when they feel 
changes arc being made for their benefit. 

2?J 
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A 1969 English study of the neighbors of Heathrow Airport (London) showed 

^ ■ . ■. 

a higher-than-aormal incidence of mental illness. 

This rather random collection of thoughts on. the psychological effects 

of noise perhaps emphasizes abo^fe all how little is known in this area* 

Undoubtedly there is d relation between psycliological effects and certain* 

of the physiological ^fects mentioned in the preceding section. Logical 

decisions about the tolerable noise levels fqf human beings have to await 

much more scientific research. Until then, however, there are enough 

warning signs to ir;^icate that the_ governmental and public policy should 

be to reduce and control noise pollution by»all actions ^ich do not cause 
I 

serious economic and social consequences. In the rcniainder of this chapter, 
we consider several of the most comm5n noise sources and the corresponding 
options available to control this part of the environment. 

7. Transportation Noise 

transportation is a major source o,f noise in an urban region. In 
certain of the New York City subway stations, noise levels cx^ceed 110 dB(A) 
as the- train screeches .to a halti. This is a level at».which industrial 

I 4 

workers would be required to use ear protection with exposure over any 
significant length of time (Fig, 7-4), but there are no regulations to 
protect the custoncr;* ope can only hope T^is exposure is sufficiently brief. 

. The Montreal Metro system demonstrates that subway noise can be 
reduced by 80% by proper lubrication, reasonably new and w^ll maintained 
equipment, and rubber wheels instead of stcel-on-s teel. Noise control can 
only be o&r&ined at a cost. Rubber wheels are not self -guiding, and addi- 
*tlonal small wiieels rotate laterally to guide the car; steel wheels normally 
rtding above the tracks are used to travel through switches. The cost of 
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this complex system is further increased by the larger energy demands 

because of more friction* In New York, the subf^ay system is already a . 

xnajor contributor to the energy crisis • 

Tlie 'newer, mass rapid transit systems are notably quieter than the 
*New York system. Ballast in tracks to decrease vibration reduces nolfse by 
' as much as 10 dB(A), particularly because the tunnels and stations tend to 

trap the noise pressure waves and cause them to reverberate back and forth. 

♦Tracks with uneven joints are another source. Thus, it is not surprising 

that the new BART system in Sau Francisco has a quietness which astonishes 

1 ' ' 

New York" visitors. 

Another major source of transportation noise is vehicular traffic, cars 



:o^f f50 feet from the highway, whore vehicles are 



and trucks. At a distanc 

travelling at 35 miles per hour, noise levels may be: 

Automobile . 60 dB(A) 
Motorcycle 70 dB(A)^ 
Truck 80 dB(A) 



1. The most impressive feature of the BART system is the system for auto- 
mated ticket selling and fare collection. There are no coupons, no tokens, 
and no waiting in line: A ticket console sells a ticket like a credit, card 
for any amount up to $52.00. Tlie amount is coded magnetically in the card. 

As the passenger enters the platform, he slides his card into a console 
which records the starting point of the tripi I'Jhon he leaves the platforro 
at his destination, the amount of the fare is Automatically subtracted 
from his card. If there is a balance, the card is returned to him. If the 
trip uses the entire cash value, the card is "swallowed." If the card value 
is less than the cost, the turnstile locks, the card is returned, and he 
must go to an Addfare console where he feeds in the needed amount. ^ 

The system is an early version of the "cashless society," in which 
each person carries a card representing his bank balance and charges are 
made against this. The intriguing question is how long it will be before 
some "entrepreneur" builds equipment which will ra5fse the "credit" left on • 
a card for a fee. • 



ERIC 



228 



la dB can* be added if the vehicle is "a.ccelernting, and noise also increases 
approximately 9 dB for every doubling of speed. 

These data are only very ^approximate. Actual measured noise levels 
may vary as much as 15 dB depending on the road condition,- the mair^enance 
of the vehicle, and the it is operated*, Evc^n the tires have a strong 
effect on the noise level (Fig. 7-5). Finally, the, horn, if it is to serve 
the purpose of alerting others, has to give an annoying noise. 




Noisy Quiet 

A 

Fig. 7-5 Two common tire treads f 

Of all the states, only California has made a serious attempt to 
enforce vehicular noise standards. • "Ncv; York also has a legal restriction, 
and so.veral other states are planning action. 

The last majot^ component of transportation noise is associated v;ith 
aircraft>. Tlie widespread publicity 'given to the SST (super-sonic transport) 
debate ovor the p,ist ft?w years revolved around the two possible environmental 
impacts; the effects on the ozone in the atmosphere, and the noise problems. 

V 

■The airport noisse problem, occasionally so severe that normal conversation 
is iropossible in a home near the end of a runway in use, involves sbveral 
idiffo^tttfit groups: 

(1) Those who lived there before the airport was built 

(2) Tliose" who moved thete after the airport, but in a period of smaller 
and quieter planes 
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(3) Those who moved there after noise levels reached tlj^e present 
status. • 

I. 

The remarkable feature (at least to someone who lives far from airports) 
is the large number of people in category (3), Around the new London 
international airport as well as Dulles in Virginia, housing developments 
and szall cities seem to arise shortly after the airport is in operation. 

Airport noise is so annoying to neighbors that major efforts are being 
^ade both to monitor noise levels and to design quieter planes. There 
are now five systems regularly measuring noise. At Kennedy International, 
LaGuardin, and Newark Airports serving New York City, runway noise is 
continuously monitored to prevent violations* of the federal regulations 
on allowable levels^ (Level can be controlled by adjustment of engine 
power and the maneuvers innodintcly after takeoff to -turn away from residential 
areas)- The other two monitoring systerjjs, at Orange County and Los Angeles 
International Airports in California, make ipcasureincnts both at the runways 
and in the neighboring community.''' 

8> Other Sources of Urban Noise 

In addition to transportation, other sour gos^- of urban jiolse can be ^ 

divided into three general categories: 

Construe ^ l og 

Construction noise, including street excavations, is a principal 
concern of t\G. noise codes adopted in 1972 in New York and under consider- 
atlon In other cities. 'Two regulations are obvious. First, const>4?uction • 

1. An excellent discussion of noise monitoring problems is given in the 
article by Edward A. Starr, Measuring Noise Pollution, IEEE Spectrum , June . 
1972, pp. 18-25. 
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can be restricted to hours when most of the inhabitants are awake — 
e.gs, 7 a.G, to 7 p.m. Second, when jack hairmers, pneunatic drills, and 
other noisy equipmeat are used, acoustic panels can be required around 
the equipment to decrease the^ noise level at nearby sidewalks and inside 
neighboring buildings. . 
City services 

Rubbish collection has historically been a source of annoying noise, 
with the classic picture of the sanitation worker slamming the metal can, 
back on the sidewalk. Plastic bags for rubbish containers, quiet plastic 
bottons on cms when they must be used, and stringent ^oise specifications 
on the collection trucks are leading to significant improvements, 

A second city service includes the emergency vehicles with their 
varied sirens to warn pedestrians and motorists ahead. As indicated iij^ 
Chapter 4, research is now underway to design more directional sirens in 
order to miniisize the annoyance to people on either side or behind the 
emergency vehicle, 
Ilom cs and offices 

. Miile music aiuL^- enter Xixini aent -m ay- -be- a serious factor in hearing loss, 
the most pervasive source of noise pollution is the air conditioning equip- 
ment. Other appliances and machines ^ also conttibute^ A Stanford Research 
Institute study sliowed one apartment where kitchen noise exceeded 100 dB(A) 
when the fan, dishwasher, and garbage disposal unit were on* Fortunately, 

r 

t 

with increasing 'public awareness of noise pollution, there has followed a 
marked trend toward an emphasis on noise reduction by the manufacturers. 
The newer urban building codes include specifications on sound insulation. 
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9. Con elusion ^ 

Noise pollution is typical of environmental problems in many ways, 

(1) Scientific kno^^ledge is exceedingly meager, particularly whence 
attempt to learn the effects of the pollution on people, 

(2) Tlie public is only beginning to be aware of the possible threat 

to physical and mental health. Public education in environmental matters 

ft . 

is very new, and even the mass conmunication media have only a few years' 

t 1 " ^ 

experience in reporting environmental technology. 

(3) The public has to be educated on the importance and significance 
ol noise. U^an unusually quiet vacuum cleaners and power la^%Timo\^ers have ^ 
been placed on the market, th^ reaction of the public has been that these 
machines must be low-power and ineffective. 

(4) Federal and state govemmtmts have not placed a high priority on 

« 

medical or rehabilitation care for those vLt\\ hearing loss, ^•/hlle the 

« 

federal government spends about $300 annually for research per prospective 
heart or can^^|(i^tient , only about $1 is sf)ent e^ch'year for each potential 
deafness casfe» I Even the sale of hearing aids is largely unregulated, with 
anyone able to sell and no advice given to the purchaser. It was only a 
year ago that a court decision finally required the Veterans' Administration 

m 

to make public their extensive ratiifig of commercially available hearing aids. 



1. There are relatively few books on noise* pollution , and' acoustic and 

noise angiae.ering have not been popular careers for yoimg people. Very 

few colleges^ give courses in noise measurement or control. One book written 

for the general public is by Theodore Berland , **'nie Fight for Quiet," ' 

Prentice-Hall, 1970. Since the publication' of this book, Berlanc|^has written 

similar , shorter articles fbr Smithsonian , Fnvironmental Education , and other 

magazines. 
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(5) Government has not given high priority t6 enforcement of anti- 

^ . ■ 

noise regulations for public prote<:tlon. Finally at the end of the 1972 
legislative session, the EnvironmentSil Protraction Agency (EFA) was given 
the authority to set standards for noise production by transportation 
equipment and other xnachinery. Product labq^ls will have to specify noise 
characteristics. . Perhaps most important, in federal purchasing p^ference 
will t^e given to low-noise models. ' . 

In spite of this progress during the laSt fo;^ years, urban noise levels 
continue to rise. The future control of noise pollution depen^s\critically 
on public understanding of the total problem, Including the possible effects 
on human health, and recognition of the economic and convenience comprfiipitses 
^ nocossary to permit effective action. " ^ 
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ClUPTER 8 
EPILOGUE 

In the socio-technological p^blems considered in these notes, and 
over the much larger group represented by these examples,- decisions and 
actions are forced on the nation. The question is not : should we allow 
developments which might create certain problems? The difficulties 
arlrcady exist. What do we do next? 

Purthemjore, a decision must be made in npst cases. No decision at 

all, or postponement, is a decision to do nothing — to maintain the 

existing situation. While the example of the approaching hurricane in 

Chapter 1 (and the question of whether to seed or not) is perhaps unusual 

* 

in the short time span -allowed for a decision, in many ways the seeding 

question epitomizes the Jntire range of socio-technological problems- 

Should we intervene? That is, should we try to change and control the 

future course of events? If so, ho;^? ' 
• . - * 

Within the scope of the problems of the energy crisis , environmental 

degradation, drug epidemic, transportation, education, and health services, 

^ the technological aspects are only one elcmont. While the human mis-use / 

^of technology h3s created certain of the problems, that same technology 

is essential vc arc to imprcvc the situation. Tlic question is how to \ 
* i " « ' ■ 

.*"v use that technology in a way which has the best chance of ameliorating 

the pyablcm — of improv^g the quality of life for the population. The 

proper ""^ecis ions and actions depend on coupling a J>asic understanding of 

the capabilities of technology with a concern for human and social values. 

Two rGcent, devolopments demonstrate the difficulties we face in making 

the appropriate decisions in these problem areas. 
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Artificial kidney nnc.hlnes 

m • 

As mentioned in Chapter 3, the United States now possesses the 
technological capability to save the lives of riany people who die from*- 
acute kidney disease. The a^ifdcial kidney machine can be used to 
cleanse the"" blood regularly (typically weekly) until the patient s 
kidneys recovor or until a transplant can be arranged. There are two 
problems: "(1) the number of machines is severely limited, so that any 
hospital with such equipment has to have a committee which restricts access 
to patients who are other\.7ise healthy and who hav^ an excellent chance of 
full recovery; and^2) the costs of treatment average about $20,000 per 

r 

year. 

In the closing^ days of the 1972 legislative session Congress passed 
♦ 

a bill (H.R.I covering social security benefits), which included a section 
providing that Medicare would be extended to encor.ipass treatment of serious 
kidney diseases for all Americans, regardless of age. During the brief 
consideration of this provision of the bill, cost estimates were presented 
varying from $35 jaiillion the first year to as high as $250 million after 
several years. Tne estimates of the number of lives which might be saved 
range from 5,000 to 30,000 per ,yoar. 

By the tintu- the next Congress convened in 1973, more careful studies ^ 
of the probable cost had been made. In parti c;ilar, futtire cost predictions 
now included tke recognition thait certain patients would have to be on the 
machines pcmancntly; hence, the costs would rise steadily to $1 billion 
per year by 1983. 

The response of legislators was predictable. One of the co-sponsors. 
Senator Burdlck of North Dakota, said that he Would never have agreed if 
he had known the cost. The entire program was threatened by this reaction. 
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Certainly part of the reconsideration could be traced to the question .of 
the desirability of keeping* alive indefinitely at public expense the 
patients who were suffering from a variety of chronic ailments as well 

^ as kidney failure. Second, the precedent of government care for the 

chronically ill, rcgardlpss of cost", would certair^ly be extended to other 
categories such as hemophilia and muscular dystrophy, -aiie total costs 
would rise steadily. 

f The optlmito decision in such cases is certainly not clear, l^hat 

^ value do we associate with keeping people alive? Where do we set the limit 
on public sacrifice to maintain life for the chronically ill? technology 
.evolves to allow more and more life--saving medical care, how are the costs 
covered? 

^jegal immig r ntion * ^ ^ 

In Chaptqr 2, we discuss briefly ?[ic problenv of 'illegal immigration, 
which appan!?ntly is roughly comparable in size to those entering the 
country legally. The illegal Immigrants pose the additional problems that • 

J:hey .are often unskilled or unable to find regylar work and that their ' 

/ 

presence tends to lower the wage scales, at least in some parts of tlie 
* country ♦ A significant part rtf the U.S. population growth would disappear 
ia the absence of illegal .immigration. The rapid rise in the deportation 
of illegal immigrants in the last few years Indicates an intensified 

4 

program by the federal government. 

In early January, 1973, objections yere voiced to the way that 

immigration offlciafs were carrying out this effort. Supported by four 

Congressmen, the Coalition of Latin Americans and Friends of Latin 
\ • ■ • • #■ 

♦ 
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America and the Coimnittee for the Protection of the Foreign Bom objected. 
They claimed that groups of Latin Anericans were being stopped in subway 
stations and questioned. As a result, legal aliens lived in an "atmosphere 
of fear." The luuaigratibn and Naturalization Service agreed that groups 

^ ■ \ ■ ■ 

had been questioned, but ^rgued that the areas chosen were known centers 
for illegal immigrants an^ that a significant number of illegal aliens 
had been caught in the dragnet. ' 

The question of exactly ^where and how to draw the line between pro-- 
te<;tion of individual liberty and protection of public interests is a. 
problem which doiDinates many of the socio-technological problem areas. 
Even in the energy crisis, to what extent can restraints be placed' on the 
actions of the individual? 
Future effec ts olT today^s decisions 

Even if ve could answer the questions posed by the two, preceding * 
examples, there is another co^ern: -Wiat will be the future effects of 
the ,soclo-technological decisions \cb'^ are made today? Can we anticipate, 

at^^ast to some extent, the future consequences of actions which may 

, * ' f 

ameliorate ^urrent probjems? 

^t. /Unfortunately , history is not very comforting. A long list can be 
glvf^n of tf^.chnnlogiral changes which ultimately led -to side effects 
totally unanticipated, llie classic example is probably the autotnobilc, 
' vhich \c;as lieralded at the beginning of this century as a savior of the 
urban environment (then plagued by horse urine and manure). 

Other examples are the typewriter, which liberated women from the 
home by providing a vast number of attractive jobs, or the window screen^ 
^which in Latin America was a major factor in the control of malaria. A 



more xeccnt' unfinished exampi(^ is the data-processing digitaL computer 
which has saved the banking industry (the Bank of America has estimated 
that, without computers, it would now have to employ every adult in th^ 
state of California for routine recprd-kccping) . In this case, the long- 
range effects can only be guessed. 

The specialty of trying to anticipate the primary and secondary' 

/ 

effects of aiew technology or of »socio-technologlcal decisions has come 
to be called technolo^.y assessmeh't — a t^rm first popularized in the lat 
1960*s by Congressman Emil Daddario of Connecticut. In 1972, Congress 
established an Office of Technology Assessment, specifically designed- to 
give advice on proposed new legislation. 

Tcrchnology asse5ji/ment really has two facets. The first is the pre- 
diction of the direct effects of a new program — usually the i?^latively 
short-term effects. W.\o.n a weather modification project to increase snow 
fall in Colorado is started, it is possible to anticipate the problems 
for the mountain residents and the social and economic changes which 
result in the southwest as a con5;Qquence* of the greater availfiblli ty of 
fresh water. 

It is inucli more difficult to predict the longer-term and secondary 
effects. Scientifically we know so little about iA:tcorolo[;y , we can not 
foresee with confidence the ultimate effects (if ^^^y) on tljie whither 
throughout the rest of the nation or in. other countries. From the social 

4 

% 

sciences, what clianges will occur when more water is available to Nevada, 
Arizona, cind California? If parts pf t^ic desert are' made arable, will, 
new cities rige in desired locations, or will the changes in population 



pattiQms cause aggravation^f societal problems? 

Tlius, technology assessment must encomp\iss both scientific prediction 

and anticipation of social Aad, ^^^''^'^^^^^^ changes. Even in the easier. 

scientific futurology (predicting the science-technology developments of' 

the future)^ the .time lag between, discovery-invention and widespread use 

is decreasing so rapidly, we find it difficult to predict beyond a decade 
> 

Into the future. Yet we have seen throughout those notes that most 

• • / • 

technological change^ has an inherent time lag of close to ten years (a 
new poi^r plant takes seven years to build; npw auto safety devices are 
not generally used for seven years just ^because of the oJ.d cars . on thv. ) 
road). 

mm ^ , . 

Tlie rapidity of chanf,e couples \^?ith the increasing comple^^ity of 
every social system (that is, every program or decision has iispkct on so 
many social fergnnizations and human , act i^i tics) * In'* consequence , successfu 
technology assessment is one of our most difficult intellectual challenges. 



1. For scientific predic.uipn , a popular approacli is the Delphi method. 
A panel of e?cpcrts is scii^cted* Eacii is ask^d (by mail) to predict the 
dat^- of a certain scientific or\. technological innovation. i In phase 2, 
each'is provided with the dis tribtitlon of dates chosen by^ everyone and 
allowed to modify^ his estimate if he wishes^ In the next ^ iteration , each 
is allowed- to state briefly his reaso^is Xviien he disagrees ^wi th the con- 
ccnsuSj^ These arguments are distributed to the panel menbcrs. The 
ultim^e goal is the best possible skA of grcp'p ipredictions . 
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PROBLErB 



ThE^ recent President's Conference on Aging concluded that one of 
the major prcJble^nsr in this country for U^e elderly (and the physically 
dis£iblGd) .is tiie difficulty of obtaining^ transportation around tiieir 
city or .tol^;n• *As a result^ irony of tliese people euro tied to tlieir honies 
or apartmmts. Kliat ^e scne of the problcnis ' — that Is^ \vhat arc sons 



of the situations, in city or large tOfm is^iich unnoces 



ficulty in inobility for tliis populatibn? Fcfr exanpie. 



one ans\%^r is that 



buses' usually have to be ejitcrod by cliirbing up fron ths curb on several 
narrCTV and relatively steep steps, whereas it vrould be " . . . 

buses v;ith tlie floor St sidewalk level. 



sarily cause dif- 



juite easy to build 



Problem 1-^ • . . . . . . . 

\je desire 'to design a irtDbile^-automted, ixrultiphasic healtli .testing 
'center for elejnentory school chilcbrcn. Ilie plan is 'to park tl"^ trailer 
in front of' a scliool for cjiough days tp^allav all the diildren to be 
checked, with parental cx)nsent and attendance* by a parent if he wislies. 
The trailer will return to &ie scliool each year to recheck the diildren 
in grades K'-4. • . ' 

The nbbile unit is bting designed to test diildrcn in a heavily 
popiiLated area of the city v/hcre there are a mixture of c^thhic groups* 
Vfe guess that many of tjic children will not have liad a pl^^sical examina-- 
tion, or at least none for v;hich racords £a'e availa^)le.. 

{a) ^t5scribe tjW tests you vrould reconmncnd for such a center, and 
suggest ways in which the tests might be acSriinjjGtored or special features 
to irake the program attractive to tlie customers. > 

V . . • 

^ >\fe havT turn to^scame oi^ferall pleiraiing. Via decide *to try to oover 
14 schools ^during j^hq year. V;e anticipate one day per v/eeJi on the average 
^ w3.ll bo lost because we can not interfere ^j^ith special evefits such as 
aptitude tests/ parents* day, and so on. On the average, each school, 
will have 500 children to be examined, • ' «^ . 

(b) How long should \:e plan for the full screening of eadi child? 

(c) * Ho\'/ stould the diildren be scheduled in the light of oui: ^ 
limtcid space and the csonf licting desire to minimize disin^ption of the 
regular/' school work? ' . < ' " 

(d) Ila^ many personnel will w need to eitploy? Here the maintenance 
of the equipment can be neglected. You should^'considier, "the type of 
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test±ng, hal^x^vcr, and include the fact' tliat inost enplqyees can noi^work 
for five straight hoiirs, mthout a bjreak. 

(e) If typical ^salaries are paid to the ccer^ting personnel, the 
total annual cost of tlie center might be three times the total salary 
figure. V.nothcr' to imiltiply by 3 or 4 or scm^ other nuntocr depends 
on the elaborateness of the eompTrient, the number of years before the 
ecjuipicnt liat; to Ix? replaced, tlie cost of irtiintenance , the cost of 
cns'jring redical foll»^?-up for children \vtio require it, etc. Vte use 
3 as a typic£il multiplier. V.hat is tlien the cost per child examined? 

(f) Ccsmx^nt on tlie. feasibility and dosiraJDility of iptroducing such 
a program. " « 

Problem 2-1 



•Pho data belas^ indicate tlic predicted pcpulcition grcwth in various 
sections of tiie v;orld during tiie rcanaindor of this century.' The information 
is prccented in tasra ways, by the table and also with the figure loolci^g like 
a nushroora cloud, - . ^ 

(a) P'or the spction v/ith its population gro^-dng rrdkt rapidly, ! 
what is ttie annual grc^-rth rate, approximtely? ' 

i 

(b) Explain' briefly tl^o most important -ra-i^ons for the rather ' 
marked differences among the growth rates for the different i 
regions. 



(c) If Latin America is to^achiOve a stcad:^^ improvement in the 
* standard of living corresponding to a per capita increase 

of 5% per year in tlie gross nationcil 'product (closq *to the ^ 
figure representing the current goal of tlie U.S.,- so hardly 
an airbitious objective for this less developed section) , 
at what' rate mot tlie GJP increase per year? 

The tijTG for tJio population to double can be measured quite easily fran 
the grLiph. If v;e ask vrficn 'the 1960 population of Africa will double, we place 
the edge 6f a small piece of paper on i960 and mark the width of Africa's pcp- 
ulation. Slidaaig the paper over, wa mar);, it again directly adjacent to the 
first marks. Ihe total width na-; represents a doubling. Finally,, v;e move tbe 
paper up»«rard until this total width represents Africa's population and read 
the year. 
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THE POPUtATION BOMB 
m THE YEAR 2,000 
WHCBE THE PEOPLE Wilt BE 




■ Prior lo 1SKX) 9f rf|)p^Qp<idiKHi$ only 



Sovrc« U<v4«d Njtioftt Bj^ic DsU 



Iluntington is a sul^urbon tcwn just intx> Suffolk Ctounty on Long 
Island. Tl-iG pq:>ulation is 180,000^ and it }ias aoublcd in the past 
8 years, - 1 ' 

(a) What has been tiie percent increase per year? Estinate 
the allocation of this increase artong the variou9 causes. 

(b) If this rate of increase continues, arproxinately 
vd.ll tlie population readi one million? 

(c) , V^at inforrnation wuld you need to predict %-jhen tJie rate 

of increase of population is liJ;ely to ^tart.to decrease - 
that is, v^en the population will level- out? 
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Prdalem 2-3 

Vflien vx? want 'to study a particular social problesn, V7e often stcirt 
by tryiivg to find data dbscribing ha-; serious the problem is, in viiich 
social groups is it most serious, and so on. In nany cases, the data are 
. not in a directly usuablc form. 

Tor instcince, we might like to 3cno\>? life expectancy in each of the 
50 states of the U.S. in order to see v^ere serious health problems seem 
to be greatest. The only data ve can find give the deaths last year per 
f thousand peeple in the popiilation. «^5aine is the VvD33t with 11.4,*vdiile 
Alaska was best with 4.9. , , . 

(a) , Can we dream. of any logical explanations for these data? ■ 

For exanple, Florida has a high rate, with so many older, 
retired people living there. 

(b) 'Arc these data of any help at all in deciding v.here there 

are major health problems? ^ . , • 

Prdblem 2-4 

The article by Joan Mayer {fodtnote on page 79) is a sunnary 
recent naticxial discussion and planning witli regard tp the problem of 
hunger in this country — a topic v,Mch has b^cn discussed frequently 
in vexy strong political terms. 

If vrc accdpt the h^TXDthesis that there does exist a national 
proi^lem, describe 

(a) The principal problem or problems. 



(b) The primary factors e!>q>Laining v.hy the problorif has not been * . 
airclioratcd during the past decade with our national prcsp3rity, 

i 

Problem 3-1 
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'In an autoratod hoalth screening center, v.->3 desire to give cud^ custcfncr 
a Dsdical-Mstory qifostionnairc consisting of 280 queries. There are .several 
alternatives for delivering the cjucstions and collecting the ans^vers: 

(1) Vfe might hire personnel from the corminity and 
train thein to ask the questions in facc-to-f ace 
interviews. 

(2) We can print each question on a separate card and 
ask tl^ custqper to put the card in one of three 
boxes: Yes, Ko, Don't Knay. Each card stack is 
then processed autaratically. 
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(3) We can put the questions on audio cassettes in^ 
various languages, sinply have the customer press 
one of three buttxjns for the answer, 

(4) We can present the questions in sequsncc on a • 
video terminal of a ccfiputor, again with three 
response taattons. 



(a) What are the major advantages and disadvantages of each alternative? 



(b) ^If you vvere designing a center for a disad'/antaged area c^New York City, 
- \^iere most of the cCistamcrs vd.ll have been essentially separated from 
the, liealtli, care systan, what wuld be youjr choice? Explciin briefly. 



Problem 3-2 



The infant rrortality a^ng the biack population is about 40/1000, 
anong the total population 20/100.0. To wliat extent is the poor U.S. 
pcrfonrance the result of the inadequate health carfe for blacks? In 
other vrards, v;hat is^the infant-irortality figure for U.S. ^^^lites? 
(Since blacks constitute aljout 1/9 of the total jxpulation, you can 
assuiTG 9000 live births iind find the expected deatlis during tiie first 
year for the 8,000 wiiitos. Here we nqglect thd other non-white groups). 



. Problem 3-3 A 

The inportance of increasing hospital rates is related to the duration 
of the patient '5^ stay for a particulzir illness or trcatnrrit. Cne. stuciy* 
of five hospitals indicatt:'d a rrroarkai^lc co'rrdlation bot^v-ecn €l)e length of 
time p^itients stay in a hospi tal and tJie length of tirrc; mGmbers of tlie 
hospital .(nvj:£-Qi' in parti c^jiar) stay in tlieir ^ositigns. In the study, ^ ■ 
five i^pcs of patients were considered — tho.^e in for appendectomies, 
hernias, etc. — , and four classes of nursen. Discuss the factors deter- 
mining, tlie duration of a patients' stay for a particular ailment. Ivliich 
of those would you expect to be correlated v/ith the duration of the nurses' 
enplqyiTEnt? A recent census of pati.ents in a Ifcv; York City bunicipal hos- 
pital revealed a significant nuivber \h\o had been there very much longer than 
iXDrmal. Vlhat factors might e^qjlciin tliis? 

. N 
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Qie distinguished e>:port on health services analysed this study 
and cxDncludcd tiiat tlio, correlation l.v^b-.'oen the patients', stays and 
the Icngtlis of nurse eir:^lo-_-"v:nt is the result of the ' efficiency, 
attitudes and general ccri; x:.tenc%^ of .tlie hospital adnmiistrat-ion. 
"Consoque-ntly," a hospitci adninistration v.iiich creates a pleasant 
vprking environ::-icnt also }eads to longer patient stays — tlie patient 
i*s not as aii>dous to get here. ' » 

This sort of unjustified argunent t© explain statistical results 
in research on social s^/stcn'^ is one of .tlic greatest deterreJits to 
meaningful roEJcarch. Give anotlier exairple whe're correlation bcb-;een 
tv.o phenomcnii is ^iply a result of the fact that both folia-; as con- 
SGCjuencos of a tiiird situation or phencsnenon, rather than as an indica- 
tion of a cause-effect relationship lx]*b.-;eerj^ tlic tv.o. (In Uie hospital 
study, a little tliought suggests tliat overloaded hospitals, v.dth their 
waiting lints of patie^irs to enter, probably disdiarge patients irare * 
rapidly; - tlic turnover^ rate then 'overloads the "nursing staff, and enploy- 
ccs tend to leave for otlier jobs) . ^ ' ^ . • 

K 

*R,W. Evans, "Standards for fterale: ^ Cause and Jlffcxrt in ToGpitals," 
Oxford University Press, London, 1964. . ■ 
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The U.S. fetish for dinting anc5 tho crpba.siB on being tliin is a 
rcltiLivoly rr:o:*^nt phona':on6n in western civilizat ion. It v;as not 
Jong £igo tliht plui:pn?i^:c v;an qpnsidorcd a sigii of iniilc succocs and an ' 
attract! VG fcmalo characteristic'. liid^e-agrd^ a'dults tod^iv can still 
* recall tliG outcpDkcn prido of parents in ha-;^^fat and hcaltJr/" their 
dnldren wexx^. Ivhot social £md irodical factors hbve led to this cJuuigo 
of attitude?' 



Problem 3-5 



Vfe sa^^r before tliat, in the study^ of any inportant social problem, we 
havQ to be careful to drav; intellige-nt oonclufdons. If t\vX) groups of people 
both have ti-;o characteristics, it does not folio:'/ that one characteristic 
is the result of the otlicr. They botli may be results of a dtf f erent cause ^ 
or tJiey iray Ixb totally luirelated. This question illustrates the problem in 
the nutrition area. 
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\k> studv England and the United Stntos, _^nd v'e find that U.S. males in 
ndddle ago liave a .-^cli iiighcr death rate tiwi tlieir Englis^i couuterparts. It^ 
is traditional that the British li);e tJiGir meat well dpne, v/hereas Ttericfens *■ 
tend to dioose irediiTir. rare. Ln Venezuela, v;herc tlic death rate is even higher 
than the U.S. for rales aro^jnd 40, a favorite lunch is an egg on raw hambiirg 
(steak tartar) . •"' 



Patio 




25 



50 



75 



MDixality rates (males) as a function of age . 
(U.S. cxxTparcxl to Uiiited Kingdaii) • 

Tlxm this "profound" study of* the eating haJjits of the nrm of throe nations 
we dcKluce tliat ina:l;,\'Tuatcly ccoJced iit:at (especially beef) causes dinraser^ wiiicii 
up tlic death rete ulanringly. Arjrtx^- vn tji iMs sclciitific }uia«/3odgo, f.'c fonr, an 
Organi7.ation dcvottxl to popularizing ovor-cboked ivcat. 5b }x: successful \iit}\ 
.such an organization, v^e have to be able to solicit contributions f rarvv.'ealthy 
people 'v;ho' are converts to oiur cause. IJnfortunat n]y , tl'.oso jxx^nie v/on't contri- 
Jxite 'Unlcr.s tl^cy can drduct tiiose contributions v<1ion tJiey pay their U.S. incaiic 
tax (i.e., they don't have to pay tax on the money tlicy give lis). 

k 

We find that legally such deductions on tax^ are possible only if our organ- 
ization is granted what is called a C-3 status by tlic federal government. ^ Vte 
apply for this status to the U.S. InteiTial Pevcnue Service (IPS), vre claim 
we arc a legitirat'o, charitable organization vToricing .in the interests of the 
v^lfarc of tlio Annrlcan pcopile. Unfortimately, tiic TP5 refuses to grant us 
C-3 status? indodUf tlicy sir.-Jly state v.e are cm organization of crackpots, v/ith 

IX) Icgitirvitc reiison for existence. 

\ ♦ 

If , you believe our cause is absurd, explain v.hy. V.hat other factors might 
norc logically cause tiie high U.S. and Venezuelan mortalities of 40 year-old 
inalcs? • - 
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Problem ^-1 

One of the attractive alternatives to try to reduce auto accidents is- 
to mske driving rcgulatioiis unifom Uiroughout the Unitoi States, rather 
thaii to tolcratc^^ different lav/s, even in neici-iboring states. Because the 
Constitution leaves mth tlie states all pa-.-ers not specifically assigned to 
the federal covcmtcnt, and because tlierchas been a strong public attitude 
against unnccossar/ centralization of covemrt^ntM authorit;', it has prove^d 
difficult to cbtaLn consistent la^-;s arong the states. Indeed, the principal 
pa-<r!r^of the fcceral govcnxncnt is in the disbursing of funds; in the Inter^ 
state high;^^ay program, billboards vrcre forbidden by the tlireat to withlioid 
noney. . - • ' 

At the prcscnt timr:, there is a mjor argument over v.tiether to alla^ a 
r right turn during a red light. Twelve states already pemit this/' 13 
others 'allc^^7 suchjiuras viicnevor a sign is posted, Ihe r^ational liLghv/ay 
Traffic Safety Mministration has proposed a uniform rule always to allot*/ 
^ight turns on r-ed unless a sign specifically forbids It. (In every case;, 
tlie driver turning right: r.iist yield 'tlie right of v;^"1aD pedestrians or to 
traffic moving through the intersection on green) . ' ' 

Tlie rpgt vehanent opposition has cotie fixsn officials iri the irajor 
eastern cities ^ ^hat arc tlie motivations and .argunents against the iniTSA. 
propo^l? Knat are the principal argL^ncnts tfor? ' Hc^; v.ould ^^u personally 

vote? ' '.\ ■ , , ■ .■ , . 



Prol^lem 4-2. 



SymTiarizc briefly the arguments for and against the air ba^ as ah 
auto safely device. If you sav? tlie novie radc b^^ Allstate, indicate 
v;hidi arguiTTints you v.ould have inoluded agaijint tlie air bag requirtrcnt 
in order to gi^c an unbiased prosontation . If you did not see the rovie, 
■list the viirioibs arguiarjits for and against, assicm relative ^-^ghts to 
each of tliesc, and determine a not quantitative? argunxjnt for or against. 



Problem 4—3 < ■ 

Laws in each state differ as to the alcoholic content allCT-;od in 
the breath or blood bc'foro a person i.s presir.od to be cjuilty. In rrany 
cases, a half dozen drinl'^s over t^-.o hours (or an equivalent number of 
bottles of Ix'er) mast 1^ consunind before thc^ average adult male road^c^ 
tliG "guilty" level. Since there are perhaps tan million alcoholics and 
serious, chronic drinkers in tlic United States, the role of alcohol in_ 
• aiito accidents is apparent. For your state, determine the legal defini- 
tion of being "under the influence' of alcohol," the numbcfr of drinks 
rtsquircd to reach this state (tliis depends cn the weight o£ the individual) , 
and the tests vvhich police arc allov-ed to iml-ce on a driver they suspect. 
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Probleni 5-1 

, , <• 

One of the imst terrifying fr-ature? of the drug problem is the grc'/ing 
nunix:;r of babica wiio addicts at birtli beciiuse the inotiicr used heroin . 
diaring pregnancy- In 1972, one Of cvpry 40 babies bom in Nov; York City v.-as 
addicted and had to go tlirough ^^dthdrawal , with the acccsrpanying compulsions, 
diarrhea, and vcniiting. 'i:cK<f York is certainly at^^pical, since half the U.S. 
heroin addicts are tlierc, but perhaps tliat city is a forev;aming of problems 
elsewlicre. V v . 



It is only very rc^itly tha.t sudi infants have boon kept alive, so there 
is no indiction yet as to what the effects will be in later life. Ev^en if the 
prospective motJior could^bo found for treatment during pregnancy, the problem 
wbuld n9t disappo.ar: v/ithdrav:al my caune convulsions and deatli for tile fetus, 
and rrcthadonc witiidrawal is perhaps wrsc than, heroin for tlie infant. 

If accx^,pt the fcTCt tliat heroin addiction is not liJccly to decrease 
significantly £iiTang tlic young \sonx^ of cliild^-bearing age, v.iiat governnxrital 
actions wuld you rcccnra^nd to try to reduce the number df newborn addicts? 

Problem 5-2 



In Pareto decision analysis, we consider ' each of tl^c groups affected 
by the decision and Uio net value of eacii pocnihlc alternative to oadi of 
tliesG groups. VvC then tJuw ^ut cveiy altomative whidi is clearly inferior 
to anotlier. In this v;ay, tli^ con^')lc:dty of tlie problcir, is reduced, and we 
need only decide a^ng alteii^iativcs on Uio basis of what v^eight to give each 
group. ^ ^ 



I 



For exaiiple, if there are only ta-zo groups (A and B) , \7& can plot the 
values of differc'Jit decicions. 



Valug to 
B 



• I 



II 



III 



• V 



• IV 



Value to A 
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We show five ciltx^mativos (I^ II, III, IV, V). We can reject II im-' 
inediately carpareci to I sincxD the tvro have the san\3 valu^ to A, but I isv - 
mach t)Gtter for-groir) B, Similarly, V almost dominates III ^>D-th respect 
to v^lue to A- ahus, we really have to di^se ^pong dnly 1^ V,. an^ IV. 
Which v:e select nav depends on ^.e relative iitportance of gipi^s A and^B. • 

T3Te parlcing problem at.tlie uni^n^^ity/ shopping nail, ojr ctowntavn 
center is a decision problem in \^iich Paretq analysis can be applied.v 
Select a specific, familiar exairple and consider the questions: ^ 

Wiat are thC'. interest groups? (The state ta>53ayers should obviously 
be included)? ' ■ 

What are all possible options, including ocan±)inations of alternatives? 

Miat^wsuld be the form of a Pareto model? 

ProbleiTt 5-3 • • 

— ^ 

^ 

In a Ileal th cjiamination, one of tlie iirportant n^asurejnents is called 
^irart?try. This involves ircasurcntjnt of tJie volurc of air v±dch the iran v 
e^alcs in one breath. Tnis volunn is a mcasurenpnt of tJie lung...ciipaeity 
and in pi^irticularly irrportnnt in assessing th,Q^h:^a-lth'"Of "'ah older person • ^ 
(where lung deterioration and cjiphyscTiS' are apt to be -potenti-al problcJiis) . 

Via can make Uie n^asuronnnt Veiy sinply. The man to be tested takes 
as deep* and full a breath as he can, tlicn e3<hales as mcli air as possiJ©]e 
into a iDalloon. The Icirgcst distance around tl^e balloon (the circumference) 
is found v/itli a tnrx:? nx^asare and recorded. Tlic measurement slx^uld )>o re- 
peated three^ tim^'^s VTitli eacJi person; if the three readAgs are not vatJi.in 
• 20% of one another, \idditicnal ireasureinents can be irade to obtain a moo ire-- 
l^ent in wiiich v;e can have reasonable confidencx?. 

The spiraiY::itry mcasure^ix^jit illustarates throe inportanf characteristics 
of most hcaltii tests in people: 

(1) Success of the test depiends on the full cooperation of a 
related and confortable subject. If tlm xvan being tented 
is frightened, nervous, or overly tcnce, test results ^are 
of little value. Furthermore, tlie nun imist cooperate; no ^ 
one can mnkc him t£i]:e as large a breath as jx^ssible. ^ 

(2) Results for one patient are not precisely repea table • No 
one can brcatlie ta'/ic^i exactly tlie Scinve v:ay. Consequently 
\ge imst use an hverage. In health testing , v.'e often v.^ould 
really like to have this av^aqe tal^cn o\''er several days, 
since in any one day the ran's response ray be influenced 
by tiredness, by v;hat he ate tlic day before, and so on.^ 
Ifonrully, havever, v.ie have to be satisfied vdth data col- 
lected during' one visit to the testing centeTn 
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(3) Test results vary mrkcdly from person to person. In many 
tests we find a distribution of results such as sho^vn in 
the figure. This variation frcsn person- to-person is apt 
to be quite large; tKis is true even among totally healthy 
people. 




The. above characteristics are, particularly troublesare \^en v?e try 
to interpret the results — e.g. , to determine v;ho needs inedical care. . 
If we look at .the "results of tlie figure and examine the patients Ifore 
closely, vb might find,. for exanple, that 

(a) Around region a, half the' people are cOTpletely normal 

and healthy. . * ■ ' * ' 

' (b) Around region b, 60% of 'the people are nonral. » 
• (c) Around c, 70% are normal-. \ , 

In other \,^rdz, ill the tcct really chc.-.'O is the pecjSle v.ho sho'ild be 
tested furtlier. As we mbv'e ta^?ard poind d in the curve, there is increasing 
probability tiiat the man requires treatment — although even a subject at" 
a is only a 50/50 proposition.* 

Thus, test results on pOoplc are rarely conclusive — ratlier they irlist 
be interpreted in terms of probability. If we v;ere running spircsnetry txrs ts 
cm a large group of pecple, we ^ould have to decide at what level we should 
recomrend further tests. Should we suggest testing of. ever-^'one boloY b? 
Clearly this v.^uld rx;an expensive and "annoying tests of a large msrter of 
people vjho are healthy. On the other hand, if v;e set the referral level at 
aV we have fcvvx?r "false alarms", but we also have more "misses" (ill patients 
are not identified by the test). . \ 
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As an e>qDerijTOit, test* all \folimteerir^ iroiibGrs of the class oi; a group 
of friends and plot' the results, in tlie form of a cur\^.: DetGrndnc \vho tlie 
heavy sniDkc3fs are in the group and dotcnnine ivhcther these people possess a 
different average, than tlie non-smoking group. If middle-agec^ individuals can 
be tested / the effects of smoldng are clearer • (If. the entire test group 
consists of young, heal^iy adults,, the t^st prin^ily sho*.^ the vade range 
of results achieved frcsn healthy people). r t /* . 

In. a different health test, the foliating refeults are adiieved from tests 
on 20,000 pc4>le: • * 

' Fraction needing care 



Test result 


% 


less tlian 20 


60 


20-22 


12 


22 - 24 


' . 10 


24-26 \ 


9 


26 - 28 \ 


• . 6 


28 - 30 \ 


3 



^2 
20 
40 
60 
80 
90 



*For this e>q3GriiTGnt, the cquapnent needed is a stVoll flacid balloon {v;Mch 
'can be partially inflated by tlie cxpisation' of one breath fron a pexr.on, but 

not inflated to, the point of bursting) and a tape measure. It is desirable 

to have cjttra b£iIloons availeible in case --one bursts. 



(1) Wiiat sliould be the refcirral"l^el for further tests ^ if Vfl3 
■ are vailing to have 50% false a^anns? 

ft 

(25 Under the plan of (1) , hw rmrxy ill people will bo overlooked 
' or "missed? 

(3) l^at should be the referral levt^l to catdi 50?. of the ill 
^ people? \<hat is the corresponding ninrJ^r of false alanns? 

(4) If each referral costs $100 for the additional tests and each 

ill person ndssod costs $1000 in later care vtiicli could have 

been avoided early detection; vrfiat is the referral level 

minimizing the total cost? 
* ■ " ■ ♦ 

(5) What factors other than those considered above might influence 
our choice of referral level? Discuss the problem of choosing 
the 'best level. ^ - ' . 
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Problem 6-1 

, Theie have been proposals to solve at once both the epcrgy crisis 

and the solid Vaste prcbl^-n by using the waste as an energy source. . • 

Several cities have srrall plants v.tiere the incineration yields steam 

vMch is sold for the production of electricity^ or heating. Baltinore 

is currently bvdlding a facility to' iiandle 1,000 tons of solid waste 

each day. Even s-dth the sale of steam, the cost of waste 'disposal will 

be about the saite as landfill. \ 

• - ■, ■ \ ■ 

A inore ptomising prospect is to produce oil by a hydrdoenation process 
from ofganic v;as*Es. In this process, the v;aste, sodium carbonate, carbon 
monoxide, and stean are subjected to high' press-ore (perhaps^, 000 pciLnds 
per square inch) at a tenperature over 300^0 for an hour. T^but 1.25. barrels 
of oil are produced for every ton of vTaste.- Tiie ibtal oil cdnsuri^tion is 
^proxiiiHtely 5,600 nullion barrels per year in the United States. 

iaf Xt all 90P million tons of dry organic vote's could be\ 
collected throughout the U.S. every year fron manure, x 
urban refuse, sei^age, industrial and agricultural \^raste^, 
what percentage of the nation's oil needs could be sat- 
isfied? : 

, (b) In practice, only 15% of these v^tes c^ be easily 
oolloct-ed. \<hy?. . ^ . 

, (c) Vfliat percentage, of the nation's oil needs might be 
econGmiCcilly satisfied by hydrogenatiqn of organic 
• '- wastes? 



(A fascinating study of thq probleni=> promised*' by future grcr.-;th is 
reported in the paperbad; book fc^^ D.T-I. >S£ada,;s, D.L. >feada:s, J. . 
'Randers;, and Eelircns, III, "Tne Limits to Qro^rtli," PoLcn^c i(ssoc. , 

Washington, O.C. , 1972; . VMle the. preirdses -for tins corbutcr mDdel study 
by the Cliib of Porna have been attacked, the irrportant contribution is tlio 
dramatic arphasis on tlie urgency of ''Isuch modeliing researcli) . \ 

Problen 6-2 • . . . 

•Hie water supply ^ a large city is an example of resource depletion, 
even though the supply is continually replenished. \^-\ox\ tiie use' rate exceeds 
the reseivior-refillmcnt rate, the resource v.-ill disappear.' 

New York 'City, v^lth its 8 million inhabitants* uses 1,200 million gallons * 
of -water per day. Perhaps 20% of this is \;astGd in leaks: the tuo tunnels 
bringing v.-ater . to the city are 60' and 50 .years gld, and the valves have n?ver 
been closed. Indeed, mrts of the underground distribution systei^ are uncharted 
at least in available records. 
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--^ \ . * 

/a) Ever ^ince the drought of tiib mid-1960' s, restaurant CTntigts have 
contri±>uted to the water-conservation program by not serving a 
glass of water to a custordr' «nless he asJcs. Dees this policy 
result in a significant' saving? was the program started at 

V . the time of the drought? • • ' . " .. 

* * 

j(bO If a r€^ervior toilet is used {with the water tank behind the 
seat) , each flusliing uses about* 5 gallons of ^'Tater* From. 
m2asurem3nts pf a toilefreservior, sha^ this fact. Detenrine 
the water per p^scn used each day in flushing of toilets 
(actually the average number, of flushes per day is not/a known, 
scientific fact/ and estimates have varied widely). . lui the early 
d^ys of television^ the audienge for a sha?7 was Seasured by the . 
mmicipal mtSr corpany: v^en a ccmmercial cane on, the abrupt . 
Surge in water u^aga v;as taken- as an indication of the number of , 
people v;atching. 

,(c) Water conseryaticsnists urge hDmpCT^^ners to place brick in each 
toilet tank/ The flusliing pressure^ deperKJcnt on lyater depth/ 
.is unaffected/ but the quantity of v;ater used is reduced. Esti- 
mate .the percent saving in d^ly oDnsumption' if everyone used 
a brick. (The program is ^mthusiastically supported by the 
brick iT^uf acturers) . " ' . , ^ 

(d) liew York City is no^-; construeting a third tunnel, both to 
increase 4hG water supply and to have protcctioi^ against 
sabotage or other failure of one of the two ^d.sting tunnels. 
• Describe briefly tlie effects of blockage of onev tunnel. 
" >\. • ■ 

• . ■ • . "N ' 

m 

Problem ^3 

. ■ ; \. 

V 

In the 1920* s, coal dcgninated energy use .in tlie United States/ By 
1948/ coal provided lose than half the anorq^/g and today it arounts for 
only 20%. Oil has risen slavly fran 1/3 in 194& to 43% nc^^?. Natural gas 
use is increasing at the rapid rate of 7% per year; in 1946/ gas gave ^14% 
of the energy, today it provides 33%. ^ 

(a) ' Discuss the reasons for* the decline in the role of coal. 

(b) VJhat have been the social and oconcsnie effects of this 
decline, particularly in an area such as i^ppalachia? 

J . ' ' • . , 

(c) If ooal gasification and coal cleaning technologies can 
be N<|eveloped ai^ are eboncraicatl. , wiiat changes can be 
antabipatod aft^r the>l980's? * ' * 
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Problem 7-1 



In recent years students at various colleges and universities have 
mgde studies of tlie noise eiivironiTEjit. Save of tlio \irarst offenders are 
sxibi-.'ays, .aircraft near airports, garbage trucks, cons flection cquipnent, 
city traffic, honvi lavm wa>:cxs, and- hi-fi sets. Tiv^o approaches %vhich 
might^xB eirplo^cd to' reduce noise are regulation cind education. 



(a) If a noise- level m^ter is available (an inexpensive one 
can be purchased for less than $50) , measure the Jioise 
level at various places in your nonml environment. 

» 

(b) *V3iiich 'sources of noise could be ireduced at little o£ no 
, cost or inoonvcnicncc? In eacli case, can the ^reduction 

adiieved by regulation or 'education? 

(c) Vlhat people within your aoquaintante lead lives wliich 
bring tficir noise environment close tl^e federal 
limits for industry? 



Problem 7-2 ^ . 

OnS problem in providing 'access to urban centers is that a large 
percG*itage of .subiurban conrn^iters travel alone to the city- in autcnobiles, 
One suggestion is to reserve a lane 'of e->:pressways for cars wit^Ji two or 
niDre occupants. The hcpc is to enoourage car pools. 

■ ' \ ' urn I ^ . 

(a) I^at argoirents rught conmuter groups give against this plan? . 

(b) l^hat problems of onforccsTjGnt vjill be faced by theii traffic 
depart JTKint?' (Ifnen this was tried in 1972 in San Fr^mcisc^, sclx\o drivers 
carried inannequins ^ on the front seat ~ 'hopefully witii lap belts ' 
fastened) . - " * . , 

• 

(c) effects ivould you anticijjatc in tDio noise e-nvironment if this 
plan were successful? 
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Problem 8^1 * - 

• 

Qie of the serious probleire \s?e face cores frcim the natural tendency 
to seek siirple solutians for problcns which are actually exceedingly 
ocnplex. Often these obvious "solutions" have side effects v^ch are more 
» serious than the prdDlem we originally V3nted to solve • 

E?Dr 'exanple, there are strong fprces arguing for the replacement of 
phosphates in detergents by washing soda (largely because of the environ- 
mentkl ' effects of phosphates). VJiat are scrie of the possible side effects 
if this change is successfully nade? 

Fbr one thing ^ in 1970 at the various pqi^^ cc^trol centers in the U.S., 
there ^;ere about 4^000 people treated had s^-Talla/^ household detergents. 
No csie kncv.-s ha:-; rany 'more people took, caix^ of themselves or v^ere treated by 
their personal physicians. If soda had been substituted for the phosphates, 
thes§ people might have been very seriously injured (for exanple, vdth severe 
narra>?ing of the throat passage as a result of the lye) . 

If you x-^xe director of the U.S. Envirorroental Protection JVSndnistration, 
diS(5p§s hew you wuld' develop a inodel \^;iiich v-vould guide your d^ision on eval- 
uating the huiTBn poisoning effects of detergents. 

Problem 8~2 ^ 

A table of letter f requGncies in nonral English witing is given 
the end of this problem. From thrse c3ata, v/e can evalmte the operation 
of the conventional ty-pe-.v-riter keyboard wiiich v;as designed around 1872. 
Otie widespread' use of the typa-nriter in this century has been one of_ the 
mjor contributions to the liberation of va;:^v2n tliproiagh the creation of 
millions of secretarial jobs. In China, for e>:ai:ple, t^^^ing is Buich I'ess ' 
.CGOTTDn because 5,000 syirbols are required (the typist selects one of an / . 
array of plates, slides this into the tyj>2\v'riter, and then forms the 
desired syirbol) . The original design, the one v;e na«7 use, \vas clpson 
to prevent the keys frcn janming as they approached the roller fran 
various dired^tions. 



' "Hiere are riRny ccrmion inefficiencies injthe^resent arrangancnt. 
*• Letters like A and E and D are difficult to hit, -unusual letters like 
J and K aHe among the easiest to type. 

In 1532, August l>>?orak developed a vastly jjipro-N/od keyboard, v/inch 
' is probably close to the qDtimum. Actually,* the best (^bsign lias never been 
determined since v.-hat is best depends on tlio criteria used (do we want to 
^ ' divide the vrords evenly betv.^Ji the t\vD Hands, minirriize the times when t\-» 
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__3ssi^p letters requiring the sante hand or finger appear, mininiLze the 
tol^^^jii^tance travelled fcr^tlic' tv^XD hands in a day's, t^^ping, and so on?) 



Dvorak keyboard has the thi^ ,rCT^7s of letters fron left to right: 

?,.PYFGCRL/ 
AOEUIDHTNS- 
.QJKXBMWVZ • 

This Dvorak Sinpl^ied Keyboard (DSK) , available on rcgula3^Jtypel^n:lters, 
has several inportant characteristics: 

(1) In an-* average day, a typist's fiiigcrtips ihdvg scmething like 
15 miles with the standard ke^^board (called the^ Q^-JERiy system) oonpared 
to about one mile witli tlie TSK. 

(2) Many typists can double their speed "^d -reduce errors by 
switching to the DSK. 

* « 

(3) Fatigue is reduced. 

(4) Learning is inich simpler and feistcr. 

In addition, other quantitative cliaracteristics can be cai^rulatod 
fron the tiible of letter f recjucncics : 

(a) VJith each keyboard, dotentiino the probability^ of each of the 
eight fingers being used. Here v;o emit nuifbers and punctuation Karl;s. 

(b) With eadi key}x3ard, catpare the probabilities that a desircid 
^ey is in each of tiie three ra-^s. 

• (c) With each keyboard, corpare the probabilities of using the 
' right hand. 

(d) If v/e introduced rSK tyfxr.-/riterF; into our offices, tJio typists 
would have to laniin a nov; systora, v.-iiich ^-.-pic-illy requires a fc// v;coks. 
Ccmmpnt on the possiJMlity t|iat tJicn the t^^pist could easily svdidi back 
and forth bet^^ecn iJiiJK and Q/^LAiLY typcs-rriUiTs . 

Several articles have appr'ax'ed recently in the jx:>piilar presr. on 
the inefficiency of the standard t\pG^-;riter ]:eyboard. One Is the 
"Tyranny of g.-.TJOT , " by Charles Lckberg in Satiirda' / P-Q\dc^-; , Science , 
October 1972, pages 37-40. For readers unfarniliar v/itii proh;ibilitY 
'concepts, a groat introduction is provided by VJarren V^cavcr's |\ipcrback, 
"Lady Luck," Doubleday Science Study Series, 1963. 
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Probability of letters (out of 1000) 



E 132 
T 104 
A 82 
O-80 
N 71 



R 68 
I 63 
S 61 
H 53 
D 38 



L 34 
F 29 
C 27 
M 25 
U 24 



G 20 
Y 20 
P 20 
W 19 
B 14 



V 9 

K 4 

X 1 

J 1 

QTl 
Z 1 
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fire, 134 
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Alcohol and driving, 117-126, P 4-3 

countermcasures for, 124-126 

legal measures in, 119 

technology f o r , 121 
Amplitude-, 211, 214 
Appropriation bill, 76, 94 
Arrow, K. , 182 (footnote) 
Assessment, technology, 236 
Audiometer, 213, 223 (footnote) 
Authorization bill, 76, 91 
Auto accidents, 96 

collision one in, 98 

collision ^ two in, 101 

collision three in, 105 
Automated health testing, P 1--2 , P 3-1 
Auto safety controversy, 105 
Auto safej.y regulations, 102 (table) 
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BART system, 227 
Bees, African, 5 
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Building codes for fire, 134 

Central-city health problems, 68, 74 

Cloud seeding, 9 
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Cocktail party effect, 220 . . 

Collision one, 98 

Collision two, 101 

Collision three, 105 

Commons, tragedy of, 178 

Cook, Earl, 3 89 (footnote) 
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competitive, 170 

multidimensional , 145 
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Decision analysis, Pareto, P 5-2 
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DES additive, 84 
Itoubling rule, 37 
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Drug control, 140-150 
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Emergency medical service, 126 
^ breakdown in^ 127 

call tov help in, 128 
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from fossil fuels, 204 
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solar, 205 

from solid waste, P 6-1 
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Firfe accidents, 133 
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Game theory, 171-179 
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Harvesting of buffalo, 27 

Health delivery management, 85-87 

In hospitals ,85 
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